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1.0  EXECUTIVE  SUMMARY 


1.1  OBJECTIVE 


The  objective  of  tJiis  effort  was  to  develop  and  publish  new  derating 
criteria  so  that  the  reliability  of  new  upcoming  and  modified  designs  will 
be  enhanced.  Stress  derating  parameters  were  needed  for  advanced 
components  such  as  VHSIC  (very  high  speed  incegrated  circxiits),  MIMIC 
(microwave/millimeter  wave  monolithic  integrated  circuits),  GaAs  FET 
(gallium  arsenide  field  effect  transistor),  and  photonic  devices  since  the 
current  standcuds  were  lacldng  guidance.  Ihe  new  standards  will  be  used  by 
hardware  design  contractors  and  will  serve  as  the  basis  for  an  update  of 
AFSC  Pamphlet  800-27,  “Part  Derating  Guidelines."  The  complete  pairts  list 
for  which  updated  stress  derating  criteria  wets  to  be  developed  is  shown  in 
table  1-1. 


Table  1-1  Parts  List 


VHSIC 

ASIC 

MIMIC 

Mi-crcprocessor 

FRCM 

-  ultra-violet  erasable 

-  electrically  erasable 

-  eleccricaliy  alterable 

-  avalanche  induced 
migration 

Rxjer  Transistor 

-  silicon 

-  ouAs 


FF  Pulse  Transistor 
RF  Multi-transistor 
Package 

Ihoto  Transistor 
Fhoto  Dicde 

Opto-electrcnic  Ocu^ler 
Injection  Laser  Diode 
I£D 

Hi^irid  Deposited  Film 
I^istor 
Chip  Resistor 
Chip  Capacitor 
SAW 


1.2  BACKGROUND 


Part  stress  derating  has  long  been  established  as  an  iiaportant  element  in 
enhancing  system  reliability.  Derating  is  generally  defined  as  ti\e 
practice  of  limiting  electrical,  thermal  and  mechanical  stresses  on  parts 
to  leveLs  below  their  specified  or  proven  capabilities  in  order  to  provide 
a  safety  margin  for  operation  and  to  improve  system  reliability.  Most 
contractors  have  developed  their  own  internal  derating  practices,  but  until 
recently,  the  DoD  (Depeurtment  of  Defense)  had  no  standard  practices.  RL 
rccogrdzed  the  need  for  standardizing  this  area.  This  standardization  will 
pro'/ide  guidance  to  those  contractors  without  their  own  policies,  indicate 
a  means  for  invoking  contractual  derating  requirements  and  create  a 
benchmark  against  which  other  derating  methods  may  be  evaluated. 

In  keeping  with  tlie  cost  effective  tailoring  approach  to  reiliability  as 
defined  in  MIL--STD-785,  ’‘Reliability  Programs  for  Systems  and  Equipment 
Development  and  Prodi3<:rtion^.“  Boeing  Aerospace  (Seattle,  WA)  under  contract 
to  RL,  divided  derati.ng  criteria  into  three  different  criticality  levels. 
The  three  level  derating  approach  provides  a  means  of  tailoring  as  a 
function  of  missioxi  critj.cality  and  severity  of  tiie  end  use  environment. 
RL  adapted  the  res’olts  of  this  study  in  the.  publication  of  AFSC  Pamphlet 
800-27,  “Part  Detating  Guidalines.'*  Further  work  on  derating  was  performed 
by  Martin  Mar.ietta  (Orlando,  FL)  under  contract  to  RL,  which  included 
development  of  an  integrated  circuit  thermal  measurement  technique  to 
verify  derating.  Both  of  these  efforts  precluded  the  development  of 
der<uting  fectors  for  new  parts  (Resigned  since  the  studi'"  were  conducted. 

While  under  contract  to  PL,  WestLnghouse  rece.  _ly  completed  the 
"ReLLabiliti'  idialysi^'Assessment  rf  Advanced  Technology"  (RA^/AAT)  study  ^ 
v/itli  the  intent  of  updating  the  jjiicxcxdrcuit  section  of  MIIr-KDBK-217.  With 
the  a-'/ailabilit^  of  tJie  stnress- failure  relationships  developed  as  part  of 
that  study,  as  well  as  ose  v/orkiiig  relationships  with  their  suppliets  and 
available  field  failure  data,  Westinghouse  was  selected  to  conduct  tiiis 
"Advanced  Technol.ogy  Component  Derating"  study. 
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1.3  APPROACH 


Stress  derating  advanced  technal-ogy  components  is  a  critical  strp  in  tlie 
design  of  c I'-ctxomc  systems  which  employ  these  components.  Only  by  the 
increased  lifetime  advantage  offered  by  stress  derating  can  the  system 
reliability  requirement  be  realized  when  using  advanced  technology 
components  ir.  the  system  designer's  intended  application. 


It  was  the  intent  of  the  authors  of  the  revised  AFSC  Pamphlet  800-27  to 
maintain  the  spirit  of  the  current  version  of  the  Pamphlet  (hereafter 
referred  to  as  "tlie  Guidelines")  and,  at  the  same  time,  minimize 
unnKjessary  constraints  placed  on  the  designers  of  electronic  systems  by 
the  derating  criteria.  These  unnecessary  constraints  result  from  the 
application  of  generalized  derating  criteria  intended  to  encompass  all 
components  within  a  specific  component  style  in  order  to  keep  the 
guidelines  simplified.  It  was  believed  tliat,  unless  the  designer  can 
employ  derating  criteria  in  his  design  with  minimum  dj.fficulty,  he  will  be 
reluctant  to  take  the  time  necessary  to  apply  the  derating  criteria 
properly.  In  this  day  of  Total  Qvxality,  process  streamlining  and  high 
speed  design  workstations,  the  designer  is  motivated  to  be  proactive  in  all 
areas  affecting  his  design.  Therefore,  in  the  formulation  of  the  new 
stress  disrating  criteria,  a  change  in  the  derating  criteria  format  is 
presented  (for  microcircuits),  with  the  thought  that  the  designer  shoiiLd, 


be  more  likely  to  design  an  optimum,  reliable  system  by  applying  the 
appropriate  stress  derating  criteria.  The  need  for  the  change  in  the 
stress  derating  criteria  format  was  a  direct  result  of  the  logical  approach 
taken  to  update  the  stress  derating  criteria,  and  the  structure  of  the 
reliability  models  that  describe  the  relationships  between  applied  stresses 
and  component  failures. 


It  is  recognized  that  the  stress  derating  criteria  outlined  in  the 
Guidelines  is,  by  definition,  a  description  of  the  maximum  allowed  stresses 
that  may  be  applied  to  a  component  according  to  a  specified  mission 
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criticixlity  level.  It  is  ailso  recognized  that  these  maxiniuir.  stresses 
result  in  a  maximum  component  failure  rate  predicted  by  accepted 
reliability  models.  It  is  noted  here  that,  at  the  time  the  current  version 
of  tlie  Guideli-nes  was  reJeased,  the  accepted  reliability  models  were 
included  in  MH/-HDBK-217D  Notice  L  Ttierefore,  the  authors  of  the  current 
version  of  the  Guidelines  considered  the  maximum  component  failure  rates, 
calculated  using  the  reliability  models  of  MIL->H13BK-217D  Notice  1  and  the 
maximum  stress  derating  criteria  outlined  in  tlie  current  version  of  the 
Guidelines,  acceptable  for  a  specified  criticality  level.  A  logical 
approach  to  updating  this  stress  derating  criteria  would  be  to  first 
calculate  these  acceptable  maximum  <x>mponent  failure  rates  at  each 
criticality  level.  Then,  the  stress- failure  relationships  outlined  in 
updated  reliability  models,  such  as  those  included  in  MIL-HDBK-217E  Notice 
1  and  the  RA/AAT  study,  may  be  evaluated  such  that  new  maximum  stresses 
that  result  in  tliese  same  maximum  failure  rates  may  be  identified.  These 
maximum  stresses  become  the  updated  stress  derating  criteria. 

This  approach  to  updating  the  stress  derating  criteria  has  (at  least)  three 
benefits.  First,  the  stress  trade-offs  performed  to  derive  the  new  maximum 
stresses  by  evaluating  tlie  updated  reliability  models  will  identify  the 
’’sensitive"  derating  parameters  in  tlie  model  that,  when  varied,  result  in 
the  largest  changes  in  expected  failure  rate.  Second,  the  approach 
provides  a  framework  fx'om  which  derating  resxalts  can  be  easily 
communicated.  That  is,  the  oonoept  of  how  changes  in  "failure  rate"  affect 
design  reliability  is  more  commonly  understood  among  system  designers  and 
reliability  engineers  than  how  changes  in  "percent  of  rated  value"  affect 
design  reliability.  Third,  the  approach  provides  a  basis  for  evolving  the 
stress  derating  criteria  into  a  "continuous"  function  of  criticcility  rather 
thcin  the  currently  accepted  three  levels  of  criticality.  This  benefit  is 
expanded  upon  in  a  section  near  the  end  of  this  report. 

This  stress  derating  approach  was  applied  to  several  classes  of 
components.  The  approach  was  first  successfully  applied  to  microcircuits. 
Having  just  completed  the  Reliability  Analysis/Assessment  of  Advanced 
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Technologies  (RA/AAT)  study,.  Westinghouse  was  intimately  aware  of  those 
stress  factors  which  directly  influence  the  reliability  of  advanced 
technology  microcircuits.  From  a  study  of  the  RA/AAT  results,  it  was 
observed  that  microcircuit  complexity  was  a  "sejisitive"  derating 
parameter.  Because  of  tlie  impact  that  the  complexity  of  the  microcircuit 
hcis  on  its  failure  rate,  part  of  the  updated  stress  derating  criteria  was 
gei  arated  as  simple  one  variable  equationso  The  variable,  of  course,  was 
complexity.  For  example,  in  the  development  of  the  stress  derating 
criteria  for  MOS  Digital  ASIC/VHSIC  coiuponj-nts,  the  supply  voltage  derating 
criteria  for  criticality  level  I  has  the  form 

Supply  Voltage  =  129  /  (G  **  0.320)  vclts 

where  G  is  the  number  of  gates  in  the  microcircuit.  In  some  instances,  the 
riainniatfxi  derated  stress  weus  virtually  independent  of  complexity.  In  that 
case,  a  constant  derating  value  was  substituted  for  the  derating  equation. 
Also,  if  the  calculated  derated  stress  was  outside  tiie  region  of  validity 
of  the  reliability  model,  the  value  of  the  maximum  stress  identified  in  the 
model  was  substitabed  for  the  derating  equation.  For  example,  the  maxiiaum 
junction  temperatures  allowed  for  MOS  Digital  ASIC/VHSIC  level  III 
oompo  lents,  although  dependent  upon  coroplexi.ty,  are  above  the  junction 
temperatures  recorded  in  the  reliability  data  used  in  the  development  of 
the  reliability  model.  Since  125  deg  C  was  the  maximum  junction 
temperature  identified  in  the  reliabiJaty  data,  the  maximum  temperature  of 
125  deg  C  is  substituted,  for  the  derating  equation. 

Other  microcircuit  derating  parameters  were  not  explicitly  identified  in 
the  reliability  models.  These  parameters,  such  as  fanout  and  frequency, 
were  considered  design  and  application  attributes  which  influenced  the 
database  from  which  the  reliability  models  were  developed.  Therefore,  the 
updated  stress  derating  criteria  for  these  parameters  were  developed  from 
re’/iews  of  the  literature,  supplier  information  and  other  pertinent,  stress 
derating  guidelines. 


A  siinilar  stiTGSS  dfeirating  method  wao  used  for  silicon  bipolar  power 
transistors.  Alnliough  the  MIL-HDBK-217D  Notice  1  reliability  wodel  for 
silicon  bipolar  power  tranr.istors  was  significantly  different  from  t'^e 
MIIi“HDBK-217E  Notice  1  .reliability  model,  the  approach  used  in  th'^i 
development  of  the  microcircuit  derating  criteria  could  be  applied  co 
siHoon  bipolar  power  transistors.  The  difference  between  the  microcircuit 
approach  and  the  silicon  bipolar  power  transistor  approach  weus  +'hat  the 
derating  ctiteria  for  the  power  transistor  was  developed  with  equal  weight 
applied  to  the  stresses  identified  in  the  reliability  model  of 
MIL-HDBK-217E  Notice  1.  That  is,  tlie  voltage  derating  and  temperature 
derating  for  criticality  level  I  must  both  be  65%  of  maximum  rating  so  that 
the  failure  rate  calculated  using  MI1>HDBK~217E  Notice  l  would  equal  the 
failure  rate  calculated  using  MIL-HDBK-217D  Notice  l  (4  FITS).  The 
temperature  derating  was  then  transformed  into  temperature  units  with  a 

value  of  95  deg  C  (based  on  a  150  deg  C  maximum  rating).  For  further  de¬ 
tails  on  this  calculation,  see  section  6.1  on  page  102. 

S.ince  reliability  models  for  silicon  power  MOSFETs  and  GaAs  power 
transistors  were  not  available  at  the  time  the  current  version  of  tlxe 
Guidelines  were  published,  different  approaches  were  taken  to  develop 
stress  derating  criteria  for  these  devices. 

For  power  MOSFETs,  the  stress  derating  criteria  was  developed  by  a  thorough 
review  of  the  literature  and  supplier  surveys,  and  consenstis  of  both 
military  and  industry  stress  derating  guidelines.  It  was  deter,  ined  that 
the  currently  accepted  derating  policies  are  adequate  in  providing  the 
margins  of  safety  and  success  needed  in  the  intended  application. 

The  stress  derating  approach  for  GaAs  power  transistors  was  to  collect 
reliability  data,  develop  a  stress-failure  model  and,  assuming  a  maximum 
failure  rate  for  each  criticality  level  (provided  by  RL),  calculata  the 
i.  -ximum  stresses  allowed.  This  effort  resulted  in  maximum  channel 
temperatures  of  85,  100  and  125  deg  C  for  criticality  levels  I,  II  and  III, 
respectively. 


with  the  exception  that  a  reliability  model  was  developed  on  the  RA/AAT 
study,  the  stress  derating  approach  for  GaAs  MIMICs  was  similar  to  the 
approach  for  GaAs  power  transistors.  The  maximuia  chcinnel  temperatures  for 
MECCC  devices  were  calculated  to  be  90,  130  and  150  deg  C  for  criticality 
levels  I,  II  and  III,  respectively. 


It  is  noted  here  that,  with  the  exception  of  the  application  notes,  the 
silicon  and  GaAs  RF  pulse  transistors  are  derated  similarly  to  the  silicon 
and  GaAs  power  transistors  since  both  silicon  and  GaAs  RF  pulse  transistors 
must  be  able  to  dissipate  as  much  power  in  pulse  mode  as  the  silicon  and 
GaAs  power  transistors  dissipate  in  continuous  mode.  GslAs  power 
transistors  (power  MESFETs)  are  often  used  in  RF  pulse  applications 

Opto-electronic  components  presented  a  different  challenge  in  developing 
updated  stress  derating  guidelines.  The  differences  between  the 
reliabiLLty  models  of  MIL-HDBK-217D  Notice  1  and  MIL“HDBK~217E  Notice  1 

^  WW  AAA  r  WA>A  i  WASAWAW  WA  Ai&«A A  AA  W  M  SiA  W  VAA  A  A  A  W  A  A  AAA  y  ■  A  •*  w  AAy 

predicted  failure  rates.  The  quality  factor  had  changed  2400%  to  7000%, 
and  the  FIT  factor  of  MIL-HDBK-217E  Notice  X  utilizes  an  activation  energy 
of  approximately  one  third  of  the  activation  energy  used  in  MIL~HDBK-217D 
Notice  1.  The  use  of  the  silicon  bipolar  power  transistor  approach  to 
stress  derating  would  have  resulted  in  virtually  no  stress  derating 
required  to  meet  the  faUura  rates  that  were  considered  acceptable  at  the 
time  the  currerrt  version  of  the  Guidelines  was  released.  As  an  eLLternative 
apprx>ach,  the  development  of  updated  "acceptable"  failure  rates  for  the 
three  criticcility  levels  was  considered.  The  failure  rates  that  can  be 
obtained  by  applying  currently  accepted  derating  guidelines  to  the 
reliability  models  were  deemed  to  be  as  "acceptable"  as  any  other  values 
chosen.  Therefore,  without  having  to  do  the  failure  rate  calculations  and 
the  reverse  stress  anal.ysis,  the  currently  accepted  guidel  ines  become  the 
updated  stress  derating  criteria.  A  consensus  of  both  military  and 
industry  stress  derating  guidelines  was  used  in  the  development  of  this 
criteria. 
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There  was  apparently  no  change  in  the  reliability  models  since 
MIL-HDBK-217D  Notice  1  for  the  passive  components  evciluated,  namely  tliick 
and  thin  film  resistors,  cliip  capacitors  and  SAW  devices,  and  therefore 
only  a  consensus  of  military  and  industry  guideline  was  again  used  in  the. 
development  of  the  stress  derating  cri.teria  for  these  components. 

To  check  if  the  expected  results  of  applying  stress  derating  criteria  to 
the  components  identified  in  table  1-1  were  obtained,  a  fcdlure  rate 
analysis  was  performed  on  avedlable  field  failure  data.  The  analysis  was 
performed  on  field  failure  dai:a  provided  by  failure  databases  from  the 
Ali/APG-66  and  AH/APG-es  radar  programs  and  the  AIjQ-131  radar  jammer  program 
during  the  sorties  flown  :in  the  1988  and  1989  time  period.  It  was 
discovered  that  che  failure  rates  for  PROM  devices,  power  transistors,  RF 
transistors,  cpto-couplenr,  LEDs  and  thin  film  chip  resistors  were  close  to 
or  belov/  the  failure  rate  that  would  be  expected  when  applying  the  stress 
derating  criteri  a  outlined  in  the  current  version  of  the  Guidelines.  Only 
thick  film  resistors  cind  ceramic  cidp  capacitors  experienced  fedlure  rates 
significantly  above  expected  failure  rates.  The  most  likely  reason  for 
this  fiiscrepancy  is  that  thisse  components  often  get  removed  as  peurt  of  the 
reworx  for  tlie  suspected  failtire  of  another  component.  Since  failure 
cinalyses  aune  typically  not  pciiformed  on  most  of  the  components  removed  from 
systeino,  it  is  quite  possible  that  some  of  the  "failed"  components  ax'e  not 
truly  failetJU  The  calculated  fcdlure  rates  in  this  analysis  would 
UiereSore  be  inflated.  The  r*^>sults  of  this  verification  analysis  are,  in 
either  case,  most  encouraging. 

At  the  completion  of  this  study,  one  concern  is  still  left  unresolved.  The 
cenoem  is  that  the  designer  is  "locked  ir."  to  a  level  of  derating  criteria 
based  on  mission  type  of  the  whole  system  (SF,  AUF  or  GF,  for  example) 
rather  than  the  true  component  or  board  criticality.  This  concern 
prompted  the  authors  of  this  study  to  include  a  section  near  the  end  of 
this  report  which  outlines  an  alternate  approach  to  implementing  stress 
derating  guideli  es.  The  intent  of  this  approach  was  to  justify  the 
reasonahleress  of  imposing  criticality  level  1  guidelines  on  a  criticality 


Ifivel  nil  mission  design,  and  vice  versa,  depending  as  much  upon  system 
eox'lu.tecture  as  the  safety  and  success  of  the  mission.  The  possibility  of 
evolving  stress  derating  criteria  into  ai  "conti/iuous"  function  of 
criticaliry  is  evaluated. 
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1.4  LIST  OF  ACRONYMS 

The  following  is  a  list  of  the  acronyms  used  in  this  report, 

AFSC  ^  Air  Force  Systems  Command 

APD  -  Avalanche  Photo  Diode 

ASIC  '  Application  Specific  Integrated  Circuit 

ATCD  -  Advanced  Technology  Component  Derating 

CTR  -  Current  Transfer  Ratio 

EEPROM  -  Electrically  Erasable  Programmable  Read-Only  Memory 

EM  -  Electromigration 

ESD  -  Electrostatic  Discharge 

eV  -  Electron  Volt 

FET  -  Field  Effect  Transistor 

FMEA  -  Failure  Modes  and  Effects  Analysis 

FPMH  -  Failxires  Per  Million  Hoars 

GciAs  -  Gallium  Arsenide 

ILD  -  Injection  Laser  Diode 

JFET  -  Junction  Field  Effect  Transistor 

LED  -  Light  Emitting  Diode 

MESFET  -  Metcil  Semiconductor  Field  Effect  Transistor 
MIL-HUBK-  Military  Handbook 

MIMIC  -  Microwave/'Millimeter  Wave  Integrated  Circuit 

MOS  ”  Metal  Oxide  Semiconductor 

MOSFET  -  Met£LL  Oxide  Semiconductor  Field  Effect  Itansistor 
PROM  -  Programmable  Read-only  Memory 

RA/AAT  -  Reliability  Analysis/Assessment  of  Advanced  Technologies 

RL  -  Rome  Laboratory 

RTOK  -  Retest  Okay 

SAW  -  Surface  Acoustic  Wave 

SO  A  “  Safe  Operating  Area 

TDDB  -  Time  Dependent  Dielectric  Breakdown 

VHSIC  -  Very  High  Speed  Integrated  Ciicu’t 

VLSI  -  Very  Large  Scale  Integration 
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2.0  REPORT  ORGANIZATION 


Section  3.0  presents  the  three  approaches  taken  in  the  development  of  the 
updated  stress  derating  criteria.  Each  approach  is  outlined  briefly  in 
this  section  with  the  details  of  the  approaches  provided  in  the  following 
seven  sections.  No  stress  derating  criteria  is  developed  in  this  section. 

Section  4.0,  5.0,  6.0,  7^.0,  8.0,  9.0  and  10,0  discuss  silicon 
microcircuits,  MIMIC  device,  power  transistors,  RF  tranr-istors, 
opto-electronic  devices,  passive  components  and  SAW  devices,  respectively. 
Stress  derating  criteria  and  associated  application  notes  are  provided  in 
each  section  for  the  relevant  components  in  that  section. 

SectiDn  ihO  presents  a  summary  of  the  accumulated  field  failure  data  for 
the  available  component  type.s  outlined  in  table  1-1.  A  comparison  of  the 
predicted  failure  rate  based  on  Level  II  criticality  derating  and  the 
observed  failure  rate  is  made  to  verify  the  accuracy  of  the  stress  derating 
criteria. 

Section  12.0  discusses  an  cdternate  approach  to  stress  derating  derived 
from  observations  made  in  the  development  of  the  updated  stress  derating 
criteria  for  this  study. 

Section  13.0  summarizes  the  results  of  the  study  and  presents  conclusions 
and  recommendations  for  follow-on  analysis. 

Section  14.0  contains  the  bibliography  of  the  literature  used  in  part  to 
develop  the  updated  stress  derating  criteria. 

Appendix  A  provides  a  oomprehensj.ve  suimiary  of  the  updated  stress  derating 
criteria  and  associated  appli-cation  notes. 

Appendix  B  provides  sample  Foirtran  programs  used  in  the  development  of 
stress  derating  criteria  for  microcircuits. 
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3.0  ADVANCED  TECHNOLOGY  COMPONENT  DERATING 

The  developrent  of  stress  derating  criteria  for  advanced  technology 
coiaponen\'‘s  requires  a  fundamentally  sound  understanding  of  the 
relationships  between  the  electrical,  thermed.  and  mechanical  stresses 
applied  to  the  coinijonents  and  the  resulting  life  distributions  of  the 
component  populations.  Component  reliability  models  are  used  to  describe 
tiiese  relationships  and  provide  insight  into  the  functioneil  dependence  of 
component  life  distributions  on  the  applied  stresses. 

The  magnitude  of  the  stress  derating  determines  the  amount  of  expected 
change  in  component  lifetime  or  shift  in  the  life  distribution  of  a 
popuLatiDn  of  comronents.  In  general  the  more  the  stress  is  derated,  the 
longer  the  life  of  the  component.  Therefore,  the  expected  result  of 
derating  the  stresses  applied  to  a  component  is  to  decrease  its  failure 
rate.  Since  most  reliability  mode3.s  relate  electrical,  thermal  and 
mechcunical  stresses  to  component  lifetime  in  tiie  form  of  a  failure  rats,  it 
is  reasonahle  to  use  tlie  concept  of  failure  rate  as  the  key  link  between 
the  reliability  model  and  the  stress  derating  criteria. 


The  minimum  acceptable  stress  derating  depends  upon  the  criticality  of  the 
mission.  Criticality  levels  referenced  to  mission  safety  and  success,  as 
outlined  in  the  cwment  version  of  the  Guidelines,  can  be  established  and 
contrasted  in  terms  of  fedlure  rates.  The  minimum  acceptable  stress 
derating  for  each  criticality  level  sets  the  maximum  failure  rate  that 
might  be  experienced  by  the  component  in  a  mission  of  specified 
criticality.  It  is  reasonable  to  maximize  the  stress  derating,  when 
possible,  to  provide  a  greater  than  minimum  margin  of  safety  and  success. 

The  definitions  of  the  criticality  levels  used  in  the  updated  version  of 
the  Guidelines  are  consistent  with  the  current  version  of  the  Guidelines. 
It  is  noted,  however,  that  the  formulation  of  the  updated  stress  derating 
criteria  is  driven  by  the  cora>>onent  failure  rates  associated  with  each 
criticality  level  and  not  solely  the  definitions  of  criticality. 
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Critacality  Level  I  (I'axinium  Derating).  Used  with  equipment  whose 
failure  would  substantially  jeopardize  the  life  of  personnel, 
would  seriously  jeopardize  the  operational  mission,  or  would 
require  repairs  that  are  infeasible  or  economically  unjustified, 
or  used  when  exttemely  high  operational  readiness  requirements 
cire  specified.  Level  I  derating  is  considered  those  stress 
levels  below  which  farther  reliability  gain  is  smcdl  or  at  which 
further  derating  will  create  design  problems  that  are 
unacr:eptable.  This  level  is  intended  for  the  most  critical 
applications  in  which  design  difficulty  can  be  justified  by  the 
reliability  requirement. 

Criticality  Level  U.  Used  with  equipment  whose  failure  would  degrade 
the  operational  mission  or  would  result  in  unjustifiable  repair 
costs,  or  used  wlien  high  operationeil  readiness  requirements  are 
specified-  Level  n  derating  is  considered  still  in  the  range  in 
which  reliability  gains  are  rapid  as  stiess  is  ueCteaseu. 
However,  achieving  designs  witii  these  reductions  in  allowed 
stress  is  significantly  more  difficult  than  at  level  III. 

Criticality  Level  HI.  Used  with  equipment  of  lesser  criticality  than 
level  I  or  H,  ncimely,  equipment  whose  failure  may  not  jeopardize 
the  operational  mission  or  that  can  be  quickly  and  economically 
repaired,  Leve].  HE  derating  is  that  stress  level  reduction  that 
causes  minor  design  difficulties  and  yet  generates  a  large 
incrementzl  reliability  gain.  The  large  reliability  gain  is 
realized  since  the  effects  of  stress  increase  greatly  as  the 
absolute  maximum  rating  is  approached. 

Supplemented  by  updated  stress-failure  data  provided  by  three  sources, 
namely,  a  thorough  review  of  the  literature,  evaluation  of  available  field 
data  and  component  supplier  surveys,  the  component  reliability  models 
developed  on  the  RL  "Reliability  Analysis/Assessment  of  Advanced 
Technologies"  (RA/AAT)^  and  "Reliability  Prediction  Models  for  Discrete 


Semiconductors"  ^  studies  provided  a  starting  point  for  the  development 
of  the  updated  stress  derating  criteria  fcr  several  of  the  component  types 
identified  in  table  1-1.  For  those  component  types  not  covered  by  current 
reliability  models,  stress  derating  criteria  was  developed  from  either 
reliability  models  generated  from  accumulated  life  test  data  or  from 
consensus  of  current  stress  derating  guidelines  avcdlable  from  multiple 
military  and  industry  sources.  These  approaches  to  understanding  the 
stress-feilure  reLatlonships  of  advanced  technology  components,  outlined  in 
figure  3-1,  were  executed  on  a  priority  basis  in  tJie  order  listed  above. 
That  is,  if  a  current  reliability  model  was  available,  it  was  used 
(approach  A).  If  a  reliability  model  was  not  available,  a  reliability 
model  was  deveLoped,  when  possible,  from  accumulated  stress-failure  data 
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Figure  3-1  Flowchart  of  Technical  Approach 


(approach  B).  If  it  was  not  possible  to  develop  a  reliabilitY  model,  then 
a  consensus  of  available  derating  guidelines  was  used  to  generate  the 
proposed  derating  criteria  (approach  C).  Table  3-1  identifies  the  approach 
used  for  each  component  type  listed  in  table  1-1. 

In  the  approach  taken  to  update  the  stress  derating  criteria  using 
reliability  models,  approach  A,  a  methodology  weis  established  in  which  a 
maximum  failure  rate  was  cedculated  for  each  criticcility  level  for  each 
component  type.  The  reliability  model  used  to  generate  these  maximum 
failure  rates  was  MII/-HDBK-217D  Notice  1,  since  this  revision  of 
Knr-HDBK-217  was  the  current  Handbook  revision  (13  June  1983)  at  the  time 
in  which  the  current  version  of  the  Guidelines  was  released  (5  December 
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1983.\  The  reliability  inode].s  and  derating  guidelines  used  to  calcuj.ate 
the  failure  rates  cire  shown  in  table  3-2  for  each  component  type,  for  which 
approach  A  was  losed.  These  failure  rates,  listed  in  table  3-3,  represent 
the  maximum  failure  rates  expected  for  the  given  criticcQity  level  allowed 
by  the  current  version  of  the  Guidelines. 


The  example  of  how  the  stress  derating  criteria  was  applied  in  the 
development  of  the  maximum  failure  rates  for  MOS  digital  ASIC/VHSIC 
microcircuits  is  shown  in  table  3-4.  Using  the  stress  derating  criteria 
for  r-lOS  nucrociKcuits  in  the  current  Guidelines,  the  maximum  values  of  each 
factor  in  the  reliability  model  were  determined  for  each  criticality 
level.  The  failure  rates  were  calculated  to  be  0.3402,  3.0593  and  31-640 
^mh  for  criticality  levels  I,  II  and  lEE,  respectively  (see  table  3-3). 


Table  3-2  Reliability  Models  and  Derating  Guidelines 
Used  In  De'veloping  Maximum  Fcdlure  Rates 


Ocnponent  lype 

MIL-HDBK-217D  Notice  1 

AFSCP  800-27  (1983) 

ASIC/VHSIC 

-  M3S  Digital 

-  MDS  Linear 

-  Bipolar  Digital 

-  Bipolar  linear 

Microcircuits; 

-  Monolithic  MDS  Randcm  logic  ISI 

-  Monolithic  MDS  linear 

-  Monolithic  Bipolar  Ran.  logic  ISI 

-  Monolithic  Bipolar  I  .inear 

Microcircuits: 

-  Digital  (MDS) 

-  linear  (MDS) 

-  Digital  (Bipolar) 

-  linear  (Bipolar) 

Micrcprooessor 

—  rjjo 

-  Bipolar 

Microcircuits; 

-  MicroDrooessor  (MDS) 

-  Micrcprooessor  (Bipolar) 

Microcircuits: 

-  Digital  (MDS) 

-  Digital  (Bipolar) 

RPCM 

-  ms 
~  Bipolar 

Microcircuits : 

-  HRCM  (MDS) 

-  PRCM  (Bipolar) 

Microcircuits; 

-  Digital  (MDS) 

-  Digital  (Bipolar) 

Fewer  Transistors 

-  Silicon  Bipolar 

-  GaAs 

-  MDSFBT 

Transistors; 

-  Grexp  I,  Silicon 

-  (Not  listed) 

-  (Not  Listed) 

Transistors: 

-  Bipolar  Silicon 

-  Field  Effect 

-  Field  Effect 
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Table  3-3  Maximum  Failure  Rates  for  Each  Criticality  Level 


Failure  Rates  (j^xrih)  for  Levels: 

Oarponent  Type 

I 

II 

III 

ASIC/VHSIC 
-  M3S  Digita]. 

0.3402 

3.0593 

31.6405 

-  MDS  Linear 

0.4932 

4.3920 

46.0962 

-  Bipolar  Digital 

0.3126 

1,5862 

11.6614 

-  Bipolar  Linear 

0,4932 

2.7477 

24.8862 

Microprooessor 

-  MDS 

0.3402 

3.0593 

31.6405 

-  Bipolar 

0.3126 

1.5862 

11.6614 

IRCM 
-  M3S 

2.7371 

22.7459 

264.2236 

-  Bipolar 

0.6322 

2.8023 

23.6754 

Ttwer  Transistor 
-  Silicon  Bipolar 

0.0040 

1.2917 

0.5763  1 

The  reliability  model  parameters  and  derating  values  for  tlie  microcircuits 
and  power  transistors  for  which  approach  A  was  used  are  shown  in 
abbreviated  format  in  tables  3-5  and  3-6,  respectively.  The  calculated 
maximum  failure  rates  "bound”  the  stresses  driving  the  component 
reliability,  described  by  the  updated  component  reliability  models,  such 
that  these  mcudmum  failure  rates  could  rwt  be  exceeded.  The  values  of  the 
stresses,  in  absolute  form  or  as  a  percentage  of  the  maximum  rated  value, 
became  the  new  derating  criteria.  Using  this  methodology,  the  new  derating 
criteria  could  remain  consistent  with  the  old  derating  criteria.  That  is, 
the  updated  stress  derating  criteria  will  not  allow  a  component  to  be  used 
in  a  partknilar  mission  with  a  higher  failure  rate  than  was  allowed  by  the 
current  version  of  the  Guidelines,  In  fact,  the  derating  criteria 
developed  for  more  complex  microcircuits  results  in  a  lower  failure  rate 
per  function  for  these  microcircuits  than  less  complex  microcircuits.  It 
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Table  3-4  KOS  Digital  ASIC  Reliability  Model  Factors  at  Derated  Veilues 


Level 

Factor 

Value 

Stress  Derating  Attributes 

I 

PiQ 

0.5 

S  Level 

I 

PiT 

6.9 

85  deg  C,  A  =  7532 

I 

PiV 

1.0 

5  volts 

I 

PiE 

0.9 

SF 

I 

PiL 

1.0 

>  4  months  producticn 

I 

Cl 

0.0919 

20,000  Gates 

I 

C2 

0.0024 

20,000  Gates 

I 

C3 

0.048 

64  pin  DIP,  glciss  seal 

n 

PiQ 

1.0 

B  level 

II 

PiT 

16.1 

100  deg  C,  A  =  7532 

n 

PiV 

1.76 

12-15.5  volts,  85%  derating,  100  deg  C 

II 

PiE 

9.0 

AOF 

n 

PiL 

1.0 

>  4  months  producticai 

II 

Cl 

0.0919 

20,000  Gates 

II 

C2 

0.0024 

20,000  Gates 

II 

C3 

0.048 

64  pin  DIP,  glass  seal 

HI 

PlQ 

6.5 

B-2  Level 

III 

PiT 

27.3 

110  deg  C,  A  =  7532 

HI 

PiV 

1.89 

12-15.5  volts,  85%  derating,  110  deg  C 

in 

PiE 

2.5 

GF 

HI 

PiL 

1.0 

>  4  months  prcjuction 

HI 

Cl 

0.0919 

20,000  Gates 

HI 

C2 

0.0024 

20,000  Gates 

HI 

C3 

0.048 

64  pin  DIP,  glass  seal 

is  noted  here  that  the  environmental  factors  were  chosen  for  the  same 
reason  other  constants  and  parameters  were  chosen,  tliat  is,  to  give  the 
maximum  failure  rates.  It  should  be  noted,  however,  that  the  value  of  the 
worst  case  environmental  factor  (as  well  as  the  other  factors)  in  the 
development  of  tiie  maximum  failure  rate  cancels  with  the  worst  case 
environmental  fector  (as  well  as  the  other  factors)  in  the  development  of 
the  updated  stress  derating  criteria.  Again,  the  intent  was  not  to  develop 
'Conservative''  results,  but  results  that  would  be  considered  commensurate 
with  the  results  eOready  experienced  when  using  the  stress  derating 
criteria  outlined  by  the  current  version  of  the  Guidelines. 
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Device  Prediction  Crit.  QucHty  Dxiplexity  Terperature  I  Voltage  Prog.  Tech. 


Table  3-5  Reliability  Model  Factors  arid  Derated  Values 
for  ASIC/VIISIC,  Microprocessors  and  PROMs 


6.50  I  0.0650  7.50 


Device  Prediction  Crit.  CoiTplexIty  Complexity  Environment  Learning  (Failures 


Table  3-5  Reliability  Model  Factors  and  Derated  Values  for 
ASIC/VHSIC,  Microprocessors  and  PROMs  (continued) 
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Table  3-5  Reliabillity  Model  Factors  and  berated  Values  for 
ASIC/VHSIC,  Microprocessors  and  PROMs  (continued) 
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KSY:  H/A  -  Not  Applicable 


Descpiption  Rai’Ofwte 


Nc-t  Applicable 


Table  3-6  Reliability  Model  Factors  and  Derated  Values  for 
Silicon  Bipolar  Power  Transistors 


Descriptiwt 


Device 

Type 


Trarwistor 
Groijp  I 
(Silicon) 


Factors 


Prediction 

Reference 

Crit. 

Level 

Base  FR 
(LatnbdsB) 

Quality 

<PiO) 

Complexity 

(CD 

.... 

Env‘  .'ontne 
(.ME) 

MIL-217D1 

1 

0.0092 

0.12 

1.0000 

0.41 

2 

0.0092 

0.24 

1.0000 

65.01 

3 

0.0092 

1.20 

1.0000 

5.8 

Description 

Factors 

Failure  Rate 

Device 

Prediction 

Crit. 

Application 

Power  Rating 

Volt,  Stress 

(Failures  / 

Type 

Reference 

Level 

(PiA) 

(PiR) 

(PiS) 

10*6  Mrs) 

Transistor 

HIL-217D1 

1 

1.50 

5.00 

1.20 

0.0040 

1 

• 

1.50 

C  AA 
•A  a  vv 

1.2C 

1.2917 

(Silicon) 

3 

1.50 

5.00 

1.20 

0.5763 

Description 

' 

Ratlonate 

Device 

Prediction 

Crit. 

Base  FR 

Quality 

Complexity 

Envi  rortnent 

Type 

Reference 

Level 

(LambdaB) 

(PiQ) 

(Cl) 

(PiE) 

Transistor 

niL-2i7uT 

i 

(tnax) 

JANTXV 

single  irans. 

SF 

Gruup  I 

2 

(max) 

JANTX 

Single  Trans. 

AUF 

(Silicon) 

3 

(max) 

JAN 

Single  Trans. 

GF 

Description 

Device 

Prediction 

Crit. 

Type 

Reference 

Level 

Transistor 

MJL-217D1 

1 

Group  I 
(Si  1  icon) 

l-incor 
Linear 
L incat 


200  Watts 
200  Watts 
200  Watts 


S2  »  70% 
S2  *  70X 
S2  *=  70X 


In  the  approach  to  update  the  stress  derating  criteria  by  creating  new 
reliability  models,  approach  B,  stress-failure  data  accumulated  from  the 
literature  seeuch  and  supplier  surveys  was  examined,  and  the  reliability 
model  was  generated,  It  is  noted  here  that  this  approach  was  used  only  for 
the  temperature  parameter  in  the  reliability  model  for  GaiAs  power 
transistors  (see  Section  6.2). 

If  approaches  A  and  B  were  not  viable,  then  a  consensus  of  avadlable 
derating  guidelines  was  used  to  update  the  stress  derating  criteria, 
approach  C.  The  fourteen  guidelines  used  in  the  criteria  development  are 
listed  in  table  3-7.  Of  these  fourteen  guidelines,  twelve  g\aidelines  were 
from  government  or  military  sources  and  two  were  from  industry  sources. 
T^ie  parameters  selected  for  derating  by  these  fourteen  sources  were  not 
consistent  between  the  sources.  Therefore,  before  the  stress  derating 
criteria  coiald  be  evaluated,  it  was  first  necessary  to  identify  the  key 
parameters  to  be  derated-  These  key  parameters  were  initially  limited  by 
the  sources  that  specified  derating  criteria  for  three  criticality  levels 
(guidelines  A  through  F).  The  remaining  parameters  were  included  as 
application  notes,  when  appropriate,  it  is  noted  here  that  guidelines  A 
and  B  were  exactly  the  same,  and  therefore,  guidelines  A  and  B  were 
considered  one  soiurce  in  the  development  of  the  final  updated  stress 
deratirg  criteria-  Once  these  parameters  were  identified,  the  consensus  of 
tiie  five  guidelines  was  obtained  by  calculating  the  median  of  the  stress 
derating  values  for  each  stress  parameter. 

In  ,£11  cases,  application  notes  and  design  limitations  were  developed  from 
aocmiVilat>-'d  component  information,  obtained  in  the  literature  search  or 
surveys,  and  extrapolated  from  other  derating  guidelines.  The 
notes  for  each  component  type  are  furnished  at  the  end  of  each 
priri':  report  sections  and  in  Appendix  A.  In  addition,  the  adeqxiacy  of 

via  ijtress  derating  criteria  was  reviewed  using  failure  rates  calculated 
from  accumulated  field  failure  data  (see  Section  11.0). 
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Talkie  3-7  GoverrunenVMjJitary/Industry  Stress  Derating  Guideline  Titles 


Designator 

Guideline 

A 

AESC  Pairphlet  800-27,  5  December  1983 

B 

ESD-TR-a3-197 

C 

ESD-^-85-148 

D 

RMX>TR-84"254 

£ 

RADC-m-82-177 

F 

NASC  AS-4613 

G 

GSPC  PFIr-18  (NASA)  ,  Octcber  1986 

H 

NAVMAT  P-4855-1A 

J 

Mnr-STD-2174  (AS) ,  July  1976 

K 

MII>ST1>-975H  (NASA),  June  1989 

I. 

NAVSEA  TEX)00-AB-G?rP~010,  September  1985 

M 

MIIy-Sro-1547A,  DeC3enber  1987 

W 

OEM  A 

X 

OEM  B 
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4.0  MICROCTRCUIT  DERATING  GUIDELINES 


For  advanced  technology  silicon  microcircuits,  the  RA/AAT  reliability 
models^  can  be  summarized  in  general  form  by 


L(to)  =  PiQ  *  (Cl  *  PiT  +  +  C2  *  PiE)  *  PiL  +  L-todb  (t^) 


(1) 


where: 

Tj(tjj)  is  the  device  fedlure  rate  at  time  to  in  failures  per  mill  ion 
hours, 

Pig  is  the  quality  factor, 

PiT  is  the  temperature  acceleration  factor,  based  on  technology, 

PiE  is  the  application  environment  factor 

PiL  is  the  learning  factor. 

Cl  is  the  circuit  complexity  failure  rate  in  failures  per  million 
hours, 

C2  is  the  package  complexity  failure  rate  in  failures  per  million 
hours, 

L(2yc  ^  EE  PROM  write  cycling  induced  failure  rate  in 

failures  per  million  hours, 

LipDDB^^oJ  ^  time  dependent  dielectric  breakdown  (TDDB) 

failxire  rate  at  time  to  in  failxires  per  million  hours,  and 

‘'EM'*o'  electromigration  (EM)  failure  rate  at  time  to  in 

fciilures  per  million  hours. 

A  review  of  the  literature^^“^®°  concerned  with  microcircuit  fadlure, 
during  the  time  since  the  RA/AAT  reliabili-ty  models  were  generated, 
resulted  in  no  change  to  the  basic  reliability  models.  However,  it  was 
noted  that,  since  failures  due  to  electromigration,  having  fedl^ire  rates 
Lgj^,  are  distributed  normally  with  tlie  logarithm  of  time  with  very  small 
variances,  the  effect  of  L^j^j  on  ttxe  total  failure  rate,  L(t^),  is 
either  negligible  or  catastrophic.  Therefore,  the  Lg^j  teirm  was 
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eliminated  from  the  equation  for  calculating  failure  rate  and  the 
«  J.ecttx>migration  effect  is  presented  as  an  application  note.  Without  this 
Lj^  term,  the  failure  rate  equation  for  deriving  stress  derating  criteria 
simpiiiies  to 


L(tQ)  =  PiQ  '■V  (Cl  *  PiT  +  L^yC  +  ^DDB^^o)* 


(2) 


The  stress  parameters  and  attributes  that  directly  affect  the  ceilctslated 
fedlure  rate  for  a  si  H  con  microcircuit  are  embedded  in  the  Pi,  complexity, 
and  wear  out  failure  rate  factors  of  the  reliability  model.  To  extract  the 
itu^yiTnum  stresses  allowed  for  each  criticctLity  level  from  the  factors  in  the 
reliability  model,  L(tQ)  in  equation  (2)  must  be  set  to  the  maximum 
failure  rate  allowed  by  each  critic-ality  level.  These  maximum  failure 
rates  are  specified  in  table  3-3.  In  the  approach  to  develop  stress 
derating  criteria  for  advanced  technology  silicon  microcircuits,  tlie 
parameters  and  attributes  of  the  &dlure  rate  model  factors  were  separated 

\JtA%Si  ^.^WV4^  JUSjjL,  A  I  iiW-J  v*.  igo ^  ««» waIw 

group  for  device-specific  (DS)  attributes  and  the  other  group  for 
stress-specific  (SS)  parameters.  Table  4-1  outlines  the  relationship 
between  the  factors  in  the  failure  rate  equation,  the  distinction  between 
cciticality-specific,  device-specific  and  stress-specific  parameters  and 
attributes  assocdated  with  the  factors,  and  the  microcircuit  technologies 
for  which  these  parameters  and  attributes  eire  applicable. 


There  were  two  basic  types  of  device-specific  attributes,  technology  and 
complexity.  The  technology  attribute  was  handled  by  creating  stress 
derating  criteria  for  each  technology  individually.  For  example,  there  are 
digital  and  linear,  MOS  and  bipolar  ASIC/VHSIC  microcircuits.  Therefore, 
four  stress  derating  tahiiy-;  were  developed,  one  for  digital  MOS  ASIC/VHSIC 
microcircuits,  one  for  digital  bipolar  ASIC/VHSIC  microcircuits,  one  for 
linear  MOS  ASIC/VHSIC  microcdrciiits  and  one  for  linear  bipolar  ASIC/VHSIC 
microcircuits.  The  complexity  attribute  was  handled  by  making  the  circuit 
complexity  parameter  (i.e,,  number  of  gates,  transistors  or  bits)  a 
variable  in  tlie  stress  derating  criteria.  Because  of  the  large  number  of 
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•Table  4-1  Attributes  and  Parameters  of  Microcircuit  Model  Factors 


Factor 

Type 

Attribute  /  Parameter 

Application  to: 

MDS 

Bipolar 

PiQ 

cs 

l^lication  Environment 

Y 

Y 

PIT 

DS 

•Technology 

Y 

Y 

SS 

Junctio*!  •Totperature 

Y 

Y 

PiE 

CS 

Application  Environm^t 

Y 

Y 

PiL 

CS 

Years  In  Production 

Y 

Y 

Cl 

DS 

Circuit  'Technology 

Y 

Y 

DS 

Circuit  Conplexity 

Y 

Y 

C2 

DS 

Package  Techrology 

Y 

Y 

DS 

Package  OccplexitY 

Y 

Y 

L  CYC 

DS 

Circuit  ocnpiejdfcy 

Y  * 

N 

SS 

Number  of  Write  C^'cles 

Y  * 

N 

L  TW)B 

DS 

Circuit  Catplexity 

Y 

N 

SS 

JuxK±ian  Tenperature 

Y 

N 

SS 

Simply  Voltage 

Y 

N 

KEY:  *  -  EEPRCMs  Only 


computations  required,  the  Cl  factor  tabl/es  in  the  RA/AAT  finai.  report  were 
transformed  to  continuous  functions,  A  relationship  between  circuit 
complexity  and  package  ooraixlexity  vas  developed  from  literature  sources 
such  that  the  package  complexity  parameter  (i.e.,  number  of  pins)  could 
also  be  handled  in  terms  of  the  circui-t  complexity  parameter.  AH  other 
relationships  required  in  the  development  of  the  derating  criteria  were 
also  based  on  circuit  complexity.  It  is  noted  here  that  all  relationships 
based  on  cdxcuit  complexity  were  edways  developed  in  a  conservative  fashion 
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such  that  the  resulting  stress  derating  criteria  would  be  Vcilid  for  all 
complexities  of  microcircuits. 

The  criticality-specific  attributes  included  the  application  environment 
attribute  and  the  years-in-production  attribute.  The  application 
environments  fbr  the  EiQ  factor  were  always  S-Level,  B-Level  and  B-Level 
for  criticcLllty  levels  I,  H  and  XII/  respectively.  The  application 
environments  for  the  PiE  factor  were  always  Sp,  Ay  and  Gp  for 
criticality  levels  I,  II  and  III/  respectively.  These  application 
environments  were  chosen  since  they  were  the  most  closely  related  to  the 
application  environments  outlined  by  the  criticality  levels  in  the  current 
version  of  tl'je  Guidelines  and  resulted  in  the  highest  failure  rate  for  the 
cH -H cal  ity  level  they  represented.  The  years-in-production  attribute  for 
the  experience  fector,  PiL,  were  always  2  years,  1  year  and  0.75  years  for 
criticality  levels  I,  II  and  III,  respectively.  These  years  in  production 
were  chosen  based  upon  current  experience  with  component  procurement  for 
systems  that  can  be  categorized  by  the  definitions  given  for  each 
criticaLity  level. 

The  stress-specific  parameters,  as  mentioned  previously,  are  the  only  ones 
that,  when  changed,  js  ’.ult  in  a  different  failure  rate  for  any  given 
miccocirciiit.  These  parameters,  temperature,  voltage  and  number  of  write 
cycles  (EEPROMs  only),  are  the  ones  that  can  be  traded-off  to  obtain  the 
marimum  feilure  r^-hs  for  a  given  micTrocirc-uit^  a  consistent  approach 
was  taten  (with  an  exception  for  EEPROMs,  see  Section  4.3)  in  developing 
the  bouixJs  for  these  stress-specific  parameters  such  that  the  resulting 
derating  criteria  would  be  effective,  but  not  oppressive,  in  rhe  desired 
application. 

This  approach  initiaOly  ignored  the  number  of  write  cycles,  or  bcyc, 
which  was  only  applicable  to  EEPROMs.  It  was  tlien  assumed  tliat,  if  the 
time  dependent  dielectric  breakdown  (TDDB)  failure  rate  was  not  a  factor 
because  wear  out  was  not  a  concsern,  then  the  only  stress-specific  parameter 
left  was  temperature.  It  is  noted  here  that  the  defect  related  failure 
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rate  (exponential  probability  density  function)  is  a  concern  for  all 
microcirciiits  and  cannot  be  ignored.  The  independence  of  the  TDDB-driven 
wear  out  stresses  and  temperature  is  addressed  in  Section  4.1  in  the 
example  of  MOS  digital  ASIC/VHSIC  micrtxrircuits.  For  any  microcircuit  of  a 
given  complexity,  the  temperature  was  calculated  for  which  the  failure  rate 
did  not  exceed  the  maximum  failure  rate  given  in  table  3-3,  dependent  upon 
criticality  level.  In  calculating  this  maximum  temperature,  it  was  noted 
that  the  maximxam  failure  rate  was  not  always  the  limiting  factor.  Because 
of  the  fonn  of  the  failure  rate  equation,  to  solve  for  temperature  imbedded 
in  the  PiT  factor  required  the  term  L{tQ)/{PiQ*PiI)  to  be  greater  than 
C2*PiE.  Since  LCt^),  PiQ,  PiL  and  PiE  are  fixed  for  a  given  type  of 
mix^rocircviit,  C2  controls  the  validity  of  the  argument.  For  this  reason, 
only  inicixcircuits  of  a  specified  maximum  complexity  sire  acceptable  in  a 
given  criticeility  level.  Tliis  complexity  limit  is  included  in  the  stress 
derating  criteria  for  microcircuits  when  applicable.  If  the  maximum 
temperature  was  calculated  to  be  a  value  higher  than  175  degrees  Celsius, 
then  175  degrees  Celsius  was  chosen  as  tlie  maxiinum  temperature. 

Once  the  maximum  temperature  had  been  cedculated  for  a  microcircuit  of 
given  complexity,  it  was  noted  that  any  operating  temperature  below  this 
maximum  temperature  resulted  in  a  ceilculated  failure  rate  that  was  less 
than  the  maximum  failure  rate  allowed  by  the  criticcility  level.  This 
difference  in  failure  rate  could  then  be  used  to  bound  the  stresses 
associated  with  the  TDDB  wear  out  mechanism.  Table  4-1  shows  TDDB  failure 
rates  are  only  applicable  to  MOS  microcirciaits,  and  therefore,  this 
development  of  the  derating  criteria  for  supply  current  is  only  applicable 
to  MOS  microcircuits. 

Time  dependent  dielectric  breakdown  is  a  failure  mechanism  that  results  in 
a  component  failure  distribution  that  is  normal,  with  the  logarithm  of 
time.  That  is,  unlike  the  fail’ire  rates  currently  addressed  by 
MIL-IIDBK-217  Revision  E  Notice  1,  the  TDDB  failure  rate  is  time 
dejfxsndent^.  There  are  three  factors  that  affect  the  rate  of  failure  for 
TDDB,  the  e],ectrio  field  across  the  diiHectric,  the  dielectric  film 


temperature  and  the  total  area  taken  up  by  the  transistor  gates.  A 
relationsliip  was  also  developed^  between  the  latter  factor  and 
microcircuit  complexity.  When  dealing  with  a  faiLure  rate  model  that: 
includes  Ljqqb/  it  is  assumed  that  the  dielectric  film  temjperature  is  the 
same  as  the  juTiCtion  temperature  defining  the  PiT  factor.  Therefore,  wit^^ 
th^  film  temperature  previously  defiried.  and  the  total  transistor  gate  area 
correlated  to  microcircuit  complexity,  the  only  factor  that  is  not  defined 
is  the  electric  field. 

This  electric  field  factor  is  proportional  to  the  supply  voltage  according 
the  dielectric  thickness  which  is  related  to  the  complexity  of  the 
microcircuit.  The  difference  in  fciilure  rate  between  the  maximum  derated 
temperature  2md  the  operating  temperature  therefore  defines  the  maximum 
derating  criteria  for  the  supply  voltage.  That  is,  with  the  operating 
junction  temperature  less  than  the  maxim  am  junction  temperature,  the 
resulting  faUure  rate  is  less  than  the  maximum  failure  rate  allowed  by  the 
crixhcality  level.  Therefore,  the  microcircuit  could  be  operated  with  a 
supply  voltage  higher  than  the  supply  voltage  allowed  when  operating  at  the 
maximum  junction  temperature  provided  the  maximum  failure  rate  is  not 
exceeded. 

With  the  device-specific,  criticality-specific  and  stress-specific 
attributes  and  parameters  defined,  the  maximum  junction  temperature  and 
maximum  supply  voltage  (MOS  microcircuits  only)  derating  criteria  was 
developed.  For  convenience  in  developing  this  derating  criteria,  software 
programs  were  written  in  FORTRAN  77  programming  language.  Appendi,x  B 
contains  an  example  program  written  to  calculate  the  temperature  and 
voltage  veilues  displayed  in  the  graphs  for  MOS  digital  ASIC/VHSIC 
raicrtxrircuits,  Oix:e  the  derating  values  were  calculated,  a  least  squares 
fit  transformed  this  data  into  simplified  equations  dependent  upon  circuit 
complexity.  The  simplified  equations  become  the  update  stress  derating 
criteria  for  tlie  junction  temperature  and  supply  voltage  stress  parameters. 
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It  is  noted  here  that,  in  some  instances,  the  calculated  derated  stress  was 
virtually  independent  of  complexity.  In  that  case,  a  constant  derating 
value  was  substituted  for  the  derating  equation.  A].so,  if  the  czLlculated 
derated  stress  was  oxitside  the  region  of  validity  of  the  reliability  model, 
the  value  of  the  maximum  stress  identified  in  the  model  was  substituted  for 
the  derating  equation.  For  microcircuits,  it  was  determined  that  the 
applicable  reliability  models  were  ba.sed  on  junction  temperature  data  that 
did  not  exceed  125  deg  C,  Therefore,  this  maximum  junction  temperature  was 
used  in  those  cases  where  the  calculated  derated  junction  temperature 
stress  was  above  125  deg  C.  It  is  also  noted  that  the  microcircuit 
reliability  models  outlined  in  the  RA/AAT  study  were  valid  only  up  to  a 
specified  maximum  complexity.  Although  the  data  graphs  generated  and  the 
corresponding  stress  derating  equations  are  continuous  past  the  specified 
maximum  complexity,  the  stress  derating  criteria  jjs  not  considered  valid 
beyond  this  maximum  complexity.  Therefore,  the  derating  parameter  of 
"maximum  complexity"  is  included  in  the  list  of  derating  parameters  for 
microcircuits. 

Since  existing  stress  derating  guidelines,  other  than  those  for  the 
stresses  explicitly  identified  in  the  reliability  models,  have  purposely 
affected  tlie  observed  fcdlure  rates  of  components  used  in  applications 
corresponding  to  one  of  the  three  criticality  levels,  it  was  necessary  to 
review  the  existing  stress  derating  guidelines  to  determine  their  relevance 
in  being  included  in  the  updated  stress  derating  guidelines,  given  that  the 
factors  being  derated  were  not  explicitly  included  in  the  current 
reliability  models.  It  Wcis  observed  that  failinre  data  for  components  that 
did  not  abide  by  the  stress  derating  criteria  was  not  readily  avcdlable 
(typically  due  to  government  or  military  contracts  that  regxiire  some  type 
of  derating)  and  to  arbitrarily  remove  this  criteria  may  be  irresponsible, 
'rherefore,  the  updated  stress  derating  criteria  for  microcircuits  includes 
both  the  newly  created  criteria  baeed  upon  updated  failure  rate  models  as 
well  as  the  current  criteria  which  was  developed  for  parameters  not 
explicitly  included  in  the  updated  failure  rate  models.  It  is  noted  here 
tiiat  the  only  stress  derating  criteria  included  by  the  guideline  sources 
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that  outline  three  criticcility  levels  were  included  ?  this  proposed 
revision  of  the  Guidelines. 

Tl>e  application  notes  for  advanced  technology  microcircuits  were  developed 
from  a  review  of  applicable  literature,  supplier  surveys  and  othe.r  stress 
derating  guidelines.  These  application  notes  may  be  found  at  the  end  of 
tills  microcircuit  section  and  in  Appendix  A. 
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4.1  ASICAHSIC  MJCROCIjRCUITS 


Pecause  of  differenoes  in  tEcJjr)olc>g>'  within  the  ASIC/;hsIC  category,  stress 
derating  tables  were  developed  for  MOS  digital,  bipolar  digital,  MOS 
lineaur,  and  bipolar  lj.near  ASICAHSIC  Eiicrocircuits.  The  differences 
between  the  criteria  in  each  table  were  tl^ie  results  of  applying  the 
different  devioo-speaLfic  attributes  and  stress-specific  parameters  to  the 
failure  rate  equation.  These  attributes  and  paiaxebors  included 
temperature  activation  energy  (PiT),  circuit  complexity  (Cl),  number  of 
package  pins  (C2),  total  transistor  gate  curea  and  dielectric 

thickness  Table  4-2  outlines  the  values  or  equations  used  in 

evaluating  these  device/stress-specific  attributes. 


Table  4-2  ASICAHSIC  Device/Stress-Specific  Attributes 


Technology 

1 

Attribute 

MOS  Digital 

1 

Ea 

Cl 

Pins 

C2 

Transistor  Gate  Area 
Dielectric  HJ-Ckness 

Bipolar  Digi  tal 

Ea 

Cl-. 

C2 

MOS  Linear 

Ea 

Cl 

Pins 

C2 

Ttansist'or  Gate  Area 
Dielectric  Thicknetis 

Bipolar  Linear 

Ea 

Cl 

Pins 

C2 

Value  /  Equati.an 


0.35  eV 

0.01  +  0.00042/  *  GATES  *’<  0.588 

11.07  *  GATES  **  0.342 

2.8E-4  *  ITNS  **  1.08 

1349  *  TRANS  **  0.609  (sq  um) 

4.93  /  ISyWS  **  0.286  (kA) 


0.60  eV 

0,0025  +  0.0000977  *  GATES  **  0.601 
9.16  *  GATES  **  0.377 
2-8E-4  *  PINS  **  1.08 


0.65  eV 

0,01  +  0,00150  *  TRANS  **  0.488 

3.69  *  GAiES  **  0.318 

2,8E~4  *  PINS  **  1.00 

1349  *  TPANS  **  0.609  (sq  um) 

4.93  /  ‘JRANS  **  0.286  (kA) 


0.65  eV 

0.01  +  0.00150  *  TRANS  **  0.488 
8.69  *  GAIES  **  0.318 
2.8E-4  *  PINS  **  1.08 


The  temperature  activation  energies  were  obtained  directly  from  the  tables 
provided  by  the  RA/^T  final  report,  Itie  Cl  factor  equations  were  derived 
by  fitting  the  Cl  factor  data  associated  with  the  RA/AAT  failure  rate 
models  to  an  appropriate  curve,  Ihe  data  and  best  fit  curves  are  shown  i.n 
figures  4-1,  4-2  and  4-3  for  MOS  digital,  bipolar  digital  ai  3  MOS  and 
bipolar  linear  ASIC/VHSIC  microcircuits,  respectively.  The  re  ationships 
between  package  pin  count  and  circuit  complexity  for  MOS  digitcil,  bipolar 
digital  and  MOS  and  bipolar  linear  ASIC/VHSIC  microcircuits  are  shown  in 
figures  4-4,  4-5  and  4-6,  respectively.  Thf  data  from  which  the 
reOationship  betv.een  total  transistor  gate  area  and  circuit  complexity  was 
derived  is  shown  in  figure  4-7  for  MOS  digital  and  linear  ASIC/VHSIC 
microcircui.ts.  The  dielectric  thickness  dependence  on  circuit  complexity 
for'  MOS  digital,  and  linear  ASIC/VHSIC  inicxocircuits  is  shown  in  f  j.gure  4-8. 


By  applying  the  approt'ch  ouf.ined  in  section  4.0,  maximum  junction 
temperatures  and  maximum  supply  voltages  were  calculated  for  the  four 


ACIC/THS'lC  tDchrrslogico  as  a  function  of  circuit  complexity.  Figures  4-9 
and  1-10  shDW  the  junction  temperature  and  supply  voltage  derating  curves 
for  MOS  digital  microcircuits.  Figures  4-11  and  4-12  show  the  junction 
temperature  and  supply  vo.ltage  derating  curves  for  MOS  linear 
mir.'rocircuits.  Figure  4-11  is  also  the  junction  temperature  derating  curve 
for  bipolar  linear  microcircuits.  Since  bipolar  ASIC/VHSIC  microcircuits 
do  not  experienoe  wear  out  due  to  TDDB,  supply  voltage  derating  curves  are 
not  calculated  for  these  technologies.  Figure  4-13  shows  the  junction 
tempcirature  ckirutijig  curves  for  bipolar  digital  microcircuits.  The  solid 
lines  on  tha  graplis  in  each  figiite  represent  the  best  least  squares  fit  to 


tile  calojiated  derating  values.  These  equatJ.ons  of  tiie  lines  are  the  new 
siress  derating  criteria  for  each  criti-cality  level. 


Fig; 


4-1  Cl  Factor  for  MOS  Digital  Microcircuits^ 


Minlmim  Bound  +  Maximum  Bound  Best  Fit 


PA/AAT:  MOS  and  Bipolar  Linear  Devices 


Minimum  Bound  +  Maximum  Bound  Best  Fit 


MOS  Digital  Devices 
I/O  Dependence  on  Gate  Count 


OS  and  Bipolar  Linear  Devices 

I/O  Dependence  on  Gate  Count 
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Summary  Data  Maximum  Bound 


RA/AAT:  MOS  Digital  and  Linear  Devices 

including  Gate  /  Logic  Arrays 
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Data  Minimum  Bound 


ASIC/VHSIC  MOS  Digital  Devices 

Maximum  Junction  Temperature 


□  Let'el  II.  Maximum  Junction  Temp  (deg  C)  =  541  -  (87.8  *  Log  of  Gates) 
X  Le'rel  III,  Maximum  Junction  Temp,  (disg  C)  =  074  -  (1 1 7  *  Log  of  Gates) 


ASIC/VHSIC  MOS  Digital  Devices 

Maximum  Supply  Voltage 


ASIC/VHSIC  Bipolar  &  MOS  Linoar  Devices 

Maximum  Junction  Temperature 
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(,  Maixirniim  Junction  Temp,  (deg  C)  =144.  (17,4 

II,  Maximum  Junction  Temp,  (deg  C)  =1 85  -(21.5 

III.  Maximum  Junction  Temp,  (deg  C)  =239  -  (22,2 


ASIC/VHSIC  MOS  Linear  Devices 

Maximum  Supply  Voltage 


Figure  4-12  Supply  Voltage  Derating  for  MOS  Linear  ASIC/VIISIC 
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Bipolar  Digital  Devices 

Junction  Temperature 


Figure  4-13  Junction  Temperature  Derating  for  Bipolar  Digital  ASIC/VHSIC 
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Supplementing  t>ie  junction  temperatuie  and  supply  voltage  derating 
parametei.s  were  the  stress  derating  pcurameters  outlined  by  otlio.r  derating 
guideline  sources  and  shown  in  tables  4-3,  4-4,  4-5  and  4-6  for  MOS 
digital,  MOS  linear,  bipolar  digital  and  bipolar  linear  microcircuits.  In 
keeping  with  the  general  approach  outlined  in  Section  3.0,  and  because  of 
the  uncertainty  of  criticality  assumed  with  guideline  sources  not 
speci^dng  three  criticality  levels,  only  those  guideline  sources  supplying 
derating  criteria  for  three  criticality  levels  were  evaluated  for  inclusion 
in  the  updated  guidelines.  For  each  parameter  specified  by  these  guideline 
sources,  a  median  value  for  the  parameter  was  chosen.  In  the  case  where 
the  choice  was  between  an  even  number  of  values,  the  average  of  the  two 
median  values  was  calculated  and  then  rounded  up.  Priority  was  given  to 
those  guidelines  specifyirc  advanced  microcircuits,  such  as  VLSI  and  gate 
arrays.  The  remaining  guideline  sources  were  used  only  as  a  "sanity  check” 
of  the  updated  stress  derating  criteria.  Table  4-7  summarizes  the  new 
stress  derating  criteria  for  ASIC/VKSIC  microcircuits. 

As  addressed  i,b  section  4.0,  the  complexity  of  tlie  ASIC/VHSIC  device  is 
limited  by  the  criticality  level.  Although  the  higher  criticality  level 
(Level  I,  for  example)  derating  criteria  allows  a  more  complex  device  to  be 
used,  the  allowed  stress  is  typically  less  than  the  stress  allowed  at  the 
lower  criticality  level  (Level  II,  for  example). 

For  MOS  ASIC/VHSIC  nucrocircuits,  botli  maximum  junction  temperature  and 
maximum  supply  voltage  are  a  function  of  circuit  complexity.  Therefore, 
these  two  parameters  can  be  oonbiried  to  form  effective  Safe  Operating  Areas 
(SOAs)  for  these  microcircuj,ts.  Figures  4-14,  4-15  and  4-16  display  the 
SOAs  of  MOS  digital  microcircuits  for  criticality  levels  I,  II  and  III, 
respectively.  In  each  graph,  the  top  set  of  SOAs  is  for  a  ICoO  gate 
microcircuit,  the  middle  set  of  SOAs  is  for  a  10,000  gate  microcircuit  and 
the  bottom  set  is  for  a  100,000  gate  microcircuit.  Multiple  SOAs  are 
displayed  as  part  of  each  set  of  SOAs  according  to  the  required  lifetime  of 
the  microcircuit.  The  "squareness"  of  the  SOA  indicates  the  level  of 
independence  of  the  temperature  and  voltage  factors. 
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Table  4-3  ASIC/VHSIC  MOS  Digital  Microcircuits  Guidelines 


COmCAUTY 

LF.VEL 

OUIDBJNE 

DYNAMIC 

SUPPLY 

VOLTAGE 

(ponv) 

FREQUBICY 

(POMS) 

OUTPUT 

CURRENT 

(FANOUT; 

(PORV) 

MAXIMUM 

JUNCTION 

TEMP, 

(deoO 

MAXIMUM 

OPERAPNO 

TEMP, 

(degC) 

AiS 

mam 

80 

80 

mi 

NL 

c 

80  * 

70  (80)  * 

NL 

1 

0 

80  ‘ 

70  (80)  * 

85  * 

Nl. 

E 

70 

30 

80 

85 

NL 

too 

NL 

80 

NL 

30  C  FML 

A&B 

85 

80 

85 

too 

NL 

II 

c 

80  * 

80  * 

:oo  * 

NL 

o 

80  * 

80  * 

too  * 

Nl. 

E 

80 

80 

too 

NL 

p 

too 

NL 

NL 

20CFML 

A&B 

85 

90 

»0 

110 

NL 

lU 

III 

c 

85  * 

80* 

NL 

Q 

85- 

fiO  * 

ML 

E 

80 

90 

110 

NL 

F 

too 

Nl. 

NL 

20  C.  FMl 

I'lONE 

a 

90 

9C 

80  ^ 

NL 

85 

H 

(Nominal) 

NL 

80 

110 

nl 

sPficiFieo 

J 

NL 

75 

80 

110 

NL 

K 

70  * 

80* 

80* 

85  * 

NL 

L 

(I'kKTilnal) 

70 

80 

100 

NL 

M 

80 

NL 

80 

125 

nl 

w 

too 

SO 

80 

65  PORV 

30  C  FML 

X 

Vcc  +/-0,5V 

NL 

7b 

125 

NL 

KEY;  FML  «•  From  Maximum  Umtt 

^  rVIlCli^n^tfUlM  r'V.rf'^3  ■  vt  ro«Xir7i\iiT 

NL  -  Not  U»t*d  (*007  -  F’Bfcwrt  at  RatoO  Valya 
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Table  4-4  ASIC/VHSIC  Bipolar  Digital  Microcircuits  Guiaelines 


rR)T)CAUTY 

level 

OUlOeUNE 

FKEO 

aUPPLY 

VOLTAOE 

dvnamk: 

6UPf*LV 

VOLTAGE 

(PORV) 

FREQUENCY 

{POMB) 

OUTPUT 

CURRENT 

(FAN  OUT) 
(PORV) 

MAXIMUM 

JUNCTION 

TEMP. 

A&B 

+/  3% 

NL 

60 

BO 

8S 

c 

+/•  3%  * 

NL 

70  (70)  • 

85* 

1 

D 

NL 

75* 

70  t70)  * 

85* 

E 

■t  /-  3% 

NL. 

80 

85 

f 

NL 

NL 

NL 

70 

NL 

A&O 

+/-5% 

NL 

90 

85 

100 

II 

c 

+/■  ‘ 

NL 

80  * 

75  (75)  * 

100  * 

0 

NL 

80  * 

80* 

75  (75)  • 

100  • 

E 

+/-5% 

NL 

90 

90 

100 

E 

NL 

NL 

ML 

80 

NL 

AM 

+/■  Sji 

NL 

An 

90 

no 

III 

c 

+/•  S',:  ■ 

NL 

90  * 

00  (BO)  ^ 

125  * 

D 

NL 

85  * 

90  • 

80  (80)  * 

125  * 

E 

Por  Spec, 

NL 

95 

90 

115 

F 

NL 

NL 

NL 

90 

NL 

NONE 

mcwilo 

Q 

♦/-5% 

NL 

90 

80 

NL 

H 

J 

Nu 

NL 

(Nonilruil) 

NL 

nl 

7S 

BO 

30 

110 

110 

K 

NL 

70  * 

80  * 

80  '■ 

85  * 

L 

Nl. 

(NomlnW; 

70 

80 

100 

M 

10% 

NL 

NL 

80 

1^3 

w 

+/-  5% 

Nl 

SO 

80 

85  POflV 

X 

+/■  0.5V 

NL 

NL 

75 

12: 

MAXIMUM 

OPEHATINQ 

TEMP. 

mic> 


NL 

NL 

NL 

NL 

30  C  FML 


NL 
NL 
NL 
NL 
2S  C 


Nl. 

NL 

NL 

NL 

20  C  FWL 


BS 

NL 

Nl. 

NL 

NL 

NL 

30  C  F  ML 
NL 


-  ■  MXroctuiM 

NL«H<AUMk1 


POMS  ■  P*rc«n(  ol  MutTrun  Sp«cltt^ 
POW  ■  P*ro«r(l  Q(  V*M 


Table  4-5  ASIC/VI-ISIC  MOS  Linear  Microcircuits  Guidelines 


I _ 

KtY:  '  • 


»o 

«5 

70 

80  ** 

(Ncpfliln»l) 

NL 

80 

7b 


NL 

110 

110 

100 

NL 

121 

BOPORV 

125 


85 

NL 

NL 

NL 

125 

NL 

aOCf^ML 

NL 


C<xnf((«x  Mlaocircutti 


FML  -  From  MaxHi'iim  IJmll 


•*  •  WofW  csm:  ntgm  v/wimion*  iiiwiy  -  Psfc-f!'  of  Maximum  Bpecfltod 


droandlng  on  davto*  typ« 


POfW  -  PiKcont  of  FtolmJ  VaJu# 
NL  -  Not  llstod 


Table  4*6  ASIC/VHSIC  Bipolar  Linear  Microcircuits  Guidelines 


CWTtCALITY 

SUPPLY 

OUTPUT 

POWER 

maxjmum 

MAXIMUM 

OUIDCUNE 

VOLTAGE 

VOLTAGE 

FREQUENCY 

CURRENT 

DtdSiPATlON 

JUNCnON 

OPERATING 

LEVei. 

(PORV) 

(PORV) 

(POMS) 

(FAN  out) 

(PORV) 

TEMP. 

TEMP, 

(POtW) 

(Ota  Cl 

(8*0  C) 

AAB 

60 

NL 

70 

NL 

80 

NL 

C 

Nl. 

75* 

70  (70)  * 

NL 

85  * 

NL 

D 

NL 

75* 

-  70  (70)  * 

NL 

85  * 

NL 

E 

70 

60 

NL 

70 

NL 

80 

NL 

F 

fto 

60 

NL 

NL 

55 

NL 

30CFWL 

A&B 

«0 

70 

NL 

75 

NL 

65 

NL 

n 

C 

+/-  s%  • 

70* 

NL 

75  (75)  * 

NL 

65  * 

NL 

0 

»0  * 

NL 

80* 

75  f/5)  * 

NL 

10O  * 

NL 

E 

80 

70 

NL 

ao 

NL 

65 

NL 

F 

80 

60 

NL 

NL 

80 

nl 

25  C  FML 

A&D 

80 

70 

80 

Nl, 

■91 

NL 

’  III 

C 

+/•  5%  • 

70* 

80(80)  * 

NL 

■31 

NL 

D 

85* 

NL 

80  (60)  * 

NL 

NL 

E 

80 

70 

DO 

NL 

NL 

F 

eo 

60 

NL 

NL 

90 

■■ 

20  C  FML 

NONE 

0 

80 

70 

NL 

80 

75 

NL 

B5 

BPCgiflEO 

H 

75 

80 

NL 

70 

NL 

110 

NL 

70 

70 

75 

75 

60 

110 

NL 

60  *• 

100 

NL 

80 

75” 

100 

NL 

(Nominal) 

75 

nl 

70 

50 

NL 

125 

M 

NL 

80 

85 

65 

85 

125 

NL 

w 

80 

65 

SO 

75 

NL 

60  PORV 

WCFML 

X 

75 

75 

NL 

Nl. 

NL 

125 

NL 

KEY 
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NL-  N<4UllKl 
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aassification  I  Derating  Peraneter 


ASIC/VHSIC  MOS  Digital  Devices 

Criticality  Level  II:  FR  »  3.0593  fpmh 


FigLure  4~15  Criticality  Level  II  SOA  for  MOS  Digital  ASIC/VHSIC 


too  — ^  1000  10,000  100,000 


ASlC/VHSiC  MOS  Digital  Devices 

Criticality  Level  III:  FR  ■  31.64  fpmh 


4.2  MICROPROCESSOR  MICROCIRCUITS 

Tlie  stciess  derating  criteria  for  microprcicessors  was  developed  similarly  to 
the  ASIC/VHSIC  microcircuits,  with  two  exceptions.  First,  the  lacJc  of 
stress- failure  data  and  reliability  models  for  bipolar  or  MOS  linear 
inicroprxx:essors  precluded  the  development  of  derating  criteria  for  these 
technologies.  Second,  the  circuit  complexity  factor.  Cl,  in  the  RA/AAT 
feilure  rate  model  was  a  function  of  bit  count.  Therefore,  stress  derating 
tables  were  generated  for  the  three  categories  of  microprocessors,  8-,  16- 
and  32-bit,  for  both  MOS  digital  and  bipolar  digital  technologies.  The 
differences  between  the  criteria  in  each  tahla  were  tlie  results  of  applying 
the  different  device-specific  attributes  and  stress-specific  parameters  to 
the  failure  rate  equation.  These  attributes  and  parameters  included 
temperature  activation  energy  (PiT),  circuit  complexity  (Cl),  niimber  of 
package  pins  (C2),  total  transistor  gate  area  dielectric 

thickness  (Ltpob).  The  values  or  equations  used  in  evaluating  the 
device/stress-specific  attributes  are  outlined  in  table  4-S. 


Table  4-8  Microprocessor  Device/Stress-Specific  Attributes 


Technology 

Attribute 

Value  /  Equation 

MCS  Digital 

i 

Ea 

0.35  eV 

d 

0.14 

a. 

0.28 

Cl 

0.56 

Pins 

11.07  *  GATES  **  0.342 

C2 

2.8E-4  *  PINS  **  1.08 

Transistor  Gate  Area 

4047  *  TRANS  **  0.463  (sq  um) 

Dielectric  Thickness 

28.18  /  TRANS  **  0.412  (kA) 

Bipolar  Digital 

Ea 

i  0.60  eV 

Cl 

0.06 

Cl 

0.12 

Cl 

0.24 

Pins 

9.16  *  GATES  **  0.377 

C2 

2.8E-4  *  PINS  **  1.08 

The  temperature  acti.vation  energies  and  Cl  factor  values  were  obtained 
directly  from  the  tables  provided  by  the  RA/AAT  final  report-  The 
relationships  between  pijn  count  and  circuit  complexity  for  MOs  digital  and 
bipolar  digital  microprocessors  are  the  same  as  the  relationships 
associated  with  MOS  digi.tal  and  bipolar  digital  ASIC/VHSIC  microcircuits, 
respectively.  The  circuit  complexity  dependence  of  total  transistor  gate 
area  cuid  dielectric  thickness  fiar  MOS  digital  microprocessors  are  shown  in 
figures  4-17  and  4-18,  respectively. 

By  applying  the  approach  outlined  in  Section  4.0,  maximum  junction 
temperatures  euid  maximum  supply  voltages  (MOS)  were  calculated  for  the  two 
microprocessor  technologies,  three  bit  counts  each,  as  a  function  of 
circuit  complexity.  Figures  4-19  and  4-20,  figures  4-21  and  4-22  and 
figures  4-23  and  4-24  are  the  junction  temperature  and  supply  voltage 
derating  curves  for  MOS  digital  microprocessors  of  8-,  16-  and  32-bit 
complexities,  respectively.  Figures  4-25,  4-26  and  4-27  are  the  junction 
temperature  derating  curves  for  8-,  16-  and  32-bit  bipolar  digital 
microprocessors,  respectively.  The  solid  lines  on  the  graphs  in  each 
figure  represent  the  best  least  squares  fit  to  the  calculated  derating 
values.  These  equations  of  the  lines  are  the  new  stress  derating  criteria 
for  each  criticality  level. 

It  is  noted  here  that  a  review  of  the  range  of  complexities  within  each 
category  of  microprooessor  showed  the  transistor  counts  varied  marginally 
for  8-bit  microprocessors  (22,000  to  27,000  transistors)  as  compeired  to 
16-bit  (30,000  to  120,000  transistors)  and  32-bit  (80,000  to  1,000,000 
trarBaistors)  luicroprocessors.  Therefore,  an  approximate  worst  case  8-bit 
microprocessor  complexity  of  10,000  gates  was  assumed  and  the  stress 
derating  equations  for  8-bit  microprocessors  were  changed  to  the  veilues  of 
those  equations  at  the  10,000  gate  complexity. 

supplementing  the  junction  temperature  and  supply  voltage  dera^.ing 
parameters  were  the  stress  derating  parameters  outlined  by  other  derating 
guideline  sources  as  shown  in  tables  4-9  and  4-10  for  MOS  digital 
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microprocessors  and  bipolar  digital  microprocessors,  respectively.  In 
keeping  with  the  general  approach  outlined  in  Section  3.0,  and  because  of 
the  uncertainty  of  criticality  assumed  with  guideline  sources  not 
speci^ing  three  criticality  levels,  the  metliod  for  evaluating  tlie  stress 
derating  criteria  for  microprocessors  was  the  same  as  the  metliod  used  for 
evaluating  the  stress  derating  criteria  for  ASIC/VHSIC  microcircuits. 
Table  4-11  summarizes  the  new  stress  derating  criteria  for  microprocessors. 


RA/AAT:  MOS  Digital  Microprocessors 

Including  Controllers 
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Survey  Data  Maximum  Bound 


RA/AAT:  MOS  Digital  Microprocessors 

Including  Controllers 


Figure  4-18  Dielectric  Thickness  i 


MOS  Digital  Microprocessors,  8  Bit 

Maximum  Junction  Temperature 


Figure  4-19  Junction  Temperature  Derating  for 
8-Bit  MOS  Digital  Microprocessors 


Level  !  d  Level  II  x  Le^el  III 


MOS  Digital  Microprocessors,  8  Bit 

Maximum  Supply  Voltage 


Figxire  4-20  Supply  Voltage  Derating  for 
8-Bit  MOS  Digital  Microprocessors 


Level  11  ^  Level  111 


Microprocessors,  16  B 

I  Junction  Temperature 


MOS  Digital  Microprocessors,  16  Bit 

Maximum  Supply  Voltage 


Figure  4-23  Junction  Temperature  Derating 
for  32-Bit  MOS  Digital  Microprocessors 


Level  I  °  Level  II  ^  Level  11! 


r  Digital  Mlcro)Drocessors,  8  B 

Maximum  Junction  Temperature 


Figure  4-25  Junction  Temperature  Derating 
for  8-Bit  Bipolar  Digital  Microprocessors 
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Number  of  Gates  (log  number) 


Microprocessors,  16  B 

Junction  Temperature 
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Level  I  °  Level  II  ^  Level  111 


Bipolar  Digital  Microprocessors,  32  Bit 

Maximum  Junction  Temperature 


Figure  4-27  Junction  Temperature  Derating 
for  32- Bit  Bipolar  Digital  Microprocessors 


Level  I  ^  Level  II  ^  Level  III 


Table  4-9  MOS  Microprocessor  Guidelines 


cnmcAUTY 

LEVEL 

QUIDEUNE 

DYNAMIC 

SUPPLY 

voltage 

(POflV) 

FREQUENCY 

(POMS) 

OUTPUT 

CURRENT 

(FANOUT) 

(PORV) 

MAXIMUM 

JUNCTION 

TEMP. 

(degC) 

MAXIMUM 

OPERATING 

TEMP. 

(deg  C) 

A&B 

80 

80 

85 

NL 

C 

80  * 

70  (80)  * 

85* 

NL 

( 

D 

80  * 

70  (80)  * 

85* 

NL 

E 

70 

80 

80 

85 

NL 

F 

100 

NL 

80 

NL 

30  C  FML 

A&B 

85 

80 

85 

100 

NL 

II 

C 

80* 

80  * 

7S  (80)  * 

100* 

NL 

D 

80* 

80  * 

75  (80)  * 

100* 

NL 

E 

80 

80 

90 

100 

NL 

F 

100 

NL 

90 

NL 

20  C  FML 

A  O  Q 

85 

SO 

90 

110 

NL 

III 

c 

85  * 

80* 

80  (90)  * 

125* 

NL 

D 

85  * 

80* 

80  (90)  * 

125* 

NL 

E 

80 

90 

90 

110 

NL 

F 

100 

NL 

100 

NL 

20  C  FML 

NONE 

SPECIFIED 

G 

NL 

90 

NL 

NL 

85 

H 

(Nominal) 

NL 

80 

110 

NL 

J 

NL 

75 

80 

110 

NL 

K 

70* 

80* 

80* 

85* 

NL 

L 

(Nomil  ml) 

70 

80 

NL 

M 

80 

NL 

80 

125 

NL 

W 

100 

50 

80 

65  PORV 

30  C  FML 

X 

Vcc  +/-0.5V 

NL 

75 

_ 

125 

NL 

_ 

KEY:  rMl,  -  From  Maximum  Umit 
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Table  4-10  Bipolar  Microprocessor  Guidelines 


1  CWnCAUTY 

LEVEi. 

QUIDEUNC 

FIXED 

SUPPLY 

VOLTAOe 

DYNAMIC 

SUPPLY 

VOLTAOE 

(?ORV) 

FRcOUENCY 

(POMS) 

OUTPUT 

CURftENT 

(FANOUT) 

(PORV) 

MAXIMUM 

•JUNCTION 

TEMP, 

(cMgC) 

MAXIMUM 

OPERATINQ 

TEMP. 

(d*QC) 

A&B 

NL 

so 

80 

85 

NL 

C 

NL 

75* 

70  (70)  * 

85  * 

nl 

1 

0 

NL 

75  * 

75* 

70  (70)  * 

85  * 

NL 

E 

+/-3% 

NL 

80 

80 

85 

NL 

F 

NL 

NL 

NL 

70 

NL 

30CFML 

MB 

+/-5% 

NL 

90 

85 

100 

NL 

II 

C 

+/-  5%  * 

NL 

80* 

75  (75)  • 

100  * 

NL 

□ 

Nl. 

00  * 

80  * 

75  (75)  * 

100  • 

NL 

E 

+/-S% 

NL 

90 

90 

100 

NL 

F 

NL 

NL 

NL 

80 

NL 

25  C  FML 

A&B 

+/-5% 

NL 

95 

90 

n 

NL 

C 

+/-  S%  • 

NL 

90* 

80  (80)  * 

NL 

Hi 

0 

NL 

as  * 

90* 

60(60)  ‘ 

NL 

E 

Por  Spec. 

NL 

95 

90 

115 

NL 

F 

Nl 

NL 

NL 

90 

NL 

20  C  FML 

Q 

+/-5% 

NL 

90 

NL 

NL 

85 

NONE 

H 

NL 

(Nominal) 

NL 

80 

110 

NL 

SPECIFIED 

NL 

NL 

75 

80 

110 

NL 

NL 

70  • 

80  * 

80  • 

85  • 

NL 

NL 

(Nominal) 

70 

80 

100 

NL 

M 

10% 

NL 

NL 

80 

125 

NL 

w 

+/-5% 

NL 

SO 

80 

65  PORV 

30  C  FML 

X 

+/-  0.5V 

NL 

NL 

75 

125 

NL 

j _ _ _ J 
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Table  4-1 1  Microprocessor  Stress  Derating  Criteria 
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4.3  PROM  MICROCIPCUITS 


The  stress  derating  criteria  for  PROM  devices  was  developed  similarly  to 
ASIC/VKSIC  microcircuits,  witli  exceptions  for  EE  PROMs.  These  exceptions 
centered  on  the  need  to  include  the  failure  rate  model, 

of  equation  (2).  The  differences  between  the  criteria  in  each  table  were 
th.e  results  of  applyiiig  the  different  device-specific  attributes  and 
stresvs-specific  parameters  to  the  failure  rate  equation.  These  attributes 
and  parameters  included  temperature  activation  energy  (PiT),  circuit 
complexity  {Cl),  number  of  paclcage  pins  (C2),  total  transistor  gate  eirea 
(Lippj^jj)  and  dielectric  thickness  ^Ltddb)*  The  values  or  eq7J.ations  used 
in  ev2iluating  the  device-specific  and  stress-specific  attributes  are 
outlined  in  table  4-12. 

The  temperature  activation  energies  were  obtained  from  the  pre-release 
version  of  MIL-HDBK~217  Revision  F.  The  Cl  factor  equations  were  derived 
by  fitting  the  Cl  factor  data  associated  with  the  RA/AAT  reliability  models 
to  an  appropriate  curve.  The  Cl  data,  and  best  fit  curves  are  shown  in 
fi.gures  4-28  and  4-29  for  MOS  PROMS  and  bipoleu:  PROMs,  respectj.vely.  The 
value  for  maximum  pin  count  was  derived  by  Gxamir;atiDn  of  current  suppli.er 


Table  4-12  PROM  Device/Stress-SpecitLC  /attributes 


1 

*T  oHn  ry  •’.1^  r  ir  jy  1 

Value  /  Equatian 

1 

MOG 

0.60  eV 

Cl 

0.00085  5.15E-6  *  BITS  **  0.515 

Pins 

40 

C2 

2.8E-4  *  PINS  **  1.08 

Tmnsjstor  Gate  Area 

1.209E6  (sq  urn) 

Dicleicdric  Hiickness 

2.31  /  BITS  **  0.175  (VJi) 

liipDlar 

Ea 

0.60  cV 

Cl 

0.0094  -i  6.20E-5  *  B.nS  **  0.514 

Pinr; 

40 

C2 

1 

2-8E-4  *  PI? IS  **  l.OB  ' 

RA/AAT;  MOS  PROM  Devices 


Figiire  4-28  Cl  Factor  for  MOS  PROMs^ 
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RA/AAT:  Bipolar  PROM  Devices 


F'gure  4-29  Cl  Factor  for  Bipolar  PROMs ^ 


dmum  Bound  - Best  Fit 


data  books  which  described  ineiiioj.y  complexities  up  to  one  megabit.  The 
total  transistor  gate  area  for  MOS  PROMs  was  extracted  directly  from  the 
RA/AAT  final  report-  The  dielectric  thickness  dependence  on  memory 
complexity  for  MOS  PROMs  is  shown  in  figure  4-30. 

By  applying  the  approach  outlined  in  section  4.0,  maximum  junction 
temperatures  and  meiximum  supply  voltages  were  CcQculated  for  the  two  PROM 
technologies  as  a  function  of  memory  complexity.  Figures  4-31  and  4-32 
show  Hie  supply  voltage  derating  curves  for  MOS  PROMs  excluding  EEPROMs  and 
EEPROMs,  respectively.  The  maximum  supply  voltage  for  EEPROMs  is  lower 
than  the  maximum  supply  voltage  for  other  PROMs  becaiase  it  was  traded  off 
with  the  number  of  write  cycles.  It  is  noted,  however,  that  the  dix'ference 
in  supply  voltage  between  EEPROMs  and  other  types  of  PROMs  of  similar 
complexity  is  at  most  ass  volts.  In  the  trade-off  between  supply  voltage 
and  nvimber  of  write  cycles  for  EEPROMs,  the  only  guideline  used  was  the 
requirement  was  that  the  supply  voltage  remain  above  5V  for  all  EEPROMs  up 
to  1  Mbit  complexity  for  any  criticality  level.  Figure  4-33  shows  the 
write  cycle  derating  curves  generated  for  EEPROMs.  Since  bipolar  PROMs  do 
not  experience  wear  out  due  to  TDDB,  supply  voltage  derating  curves  are  not 
ccilculated  for  this  technology.  The  solid  lines  on  the  graphs  in  each 
figure  represent  the  best  least  squares  fit  to  tlie  calculated  derating 
values. 

Supplementing  the  junction  temperature  and  supply  voltage  derati.ng 
parameters  were  the  stress  derating  parameters  outlined  by  other  derating 
guideline  sources  as  shown  in  tables  4-13  and  4-14  for  MOS  PROM  devices  and 
bipolar  PROM  devices,  respectively.  In  keeping  with  the  general  approach 
outlined  in  Section  3.0,  and  because  of  the  uncertainty  of  criticality 
assumed  with  guideline  sources  not  specifyi.ng  tliree  criticality  levels, 
only  those  guideline  sources  supplying  derating  criteria  for  three 
criticality  levels  were  evaduated  for  inclusion  in  tlie  updated  guidelines. 
For  each  parameter  spex^ified  by  tiiese  guideline  sources,  a  median  Vedue  for 
tiie  parameter  v/as  chosen.  In  the  case  where  the  choice  w;is  between  an  even 
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urve''  Data  Minimum  Bound 


MOS  PROM  Devices:  Mon-EEPROMs 

Maximum  Supply  Voltage 


Level  I  °  Level  II  x  Level  III 


Level  1  D  Level  !l  x  Level  III 


MOS  PROM  Devices 

Maximum  Write  Cycles 


Table  4-13  MOS  PROM  Guidelines 


CFimCAUTY 

LEVEL 

GUIDEUNE 

DYNAMIC 

SUPPLY 

VOLTAGE 

(PCWV) 

r'FEQUENCY 

(POMS) 

OUTPUT 

CURRENT 

(PORV) 

MAXIMUM 

JUNCTION 

TEMP, 

(degC) 

MAXIMUM 

operating 

TEMP. 

(deg  q 

A&B 

80 

80 

85 

NL 

C 

NL 

70* 

85* 

NL 

1 

D 

NL 

70  * 

85* 

NL 

E 

70 

80 

80 

85 

NL 

F 

100 

NL 

80 

NL 

30  C  FML 

A&B 

85 

80 

85 

NL 

il 

C 

80* 

NL 

75* 

NL 

D 

80* 

NL 

75* 

NL 

E 

80 

80 

90 

100 

NL 

F 

100 

NL 

90 

NL 

L 

20  C  FML 

A&B 

85 

90 

90 

■M 

KM 

1 

C 

85* 

NL 

80* 

mmm 

NL 

III 

D 

85* 

NL 

80* 

NL 

E 

80 

90 

90 

110 

NL 

F 

100 

NL 

100 

NL 

20  C  FML 

NONE 

SPECIFIED 

G 

NL 

90 

NL 

NL 

85 

H 

(Nominal) 

NL 

80 

110 

NL 

J 

NL 

75 

80 

110 

NL 

K 

70* 

80* 

80* 

85* 

NL 

L 

(NominaO 

70 

NL 

NL 

M 

80 

NL 

80 

125 

NL 

W 

100 

50 

80 

65  PORV 

30  C  FML 

y 

1  —  -  ^ 

Vcc  +A0.5V 
u 

NL 

_ _ 

75 

L 

125 

L 

NL 

l_  .  _ 
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Table  4-14  Bipolar  Prom  Guidelines 


CP^TICAUTY 

LEVEL 

QUIOEUNE 

FIXED 

SUPPLY 

VOLTAGE 

DYNAMIC 

SUPPLY 

VOLTAOe 

(Ponv) 

FREQUENCY 

(POMS) 

OU7TJT 

CURRENT 

(PORV) 

MAXIMUM 

JUNCTION 

TEMP. 

((MgQ 

MAXIMUM 

OPtRATiNQ 

TEMP. 

(eMflC) 

AAB 

+/-3% 

80 

80 

85 

NL 

C 

+/-3%* 

NL 

70* 

85* 

NL 

1 

D 

NL 

NL 

70* 

85* 

NL 

E 

+/-3% 

NL 

80 

80 

85 

NL 

F 

NL 

NL 

NL 

70 

NL 

30  C  FML 

A&B 

+/-5% 

90 

as 

100 

NL 

II 

C 

+/-  5%  * 

NL 

75* 

100* 

NL 

0 

NL. 

NL 

75* 

100* 

NL 

E 

+I-&K 

90 

90 

100 

NL 

F 

NL 

NL 

80 

NL 

25  C  FML 

A&Q 

^  /-  5% 

NL 

95 

90 

— 

NL 

1)1 

C 

+/-  5%  * 

NL 

NL 

80  • 

Nl 

□ 

NL 

as  * 

NL 

80  * 

NL 

E 

Per  Spec. 

NL 

95 

90 

115 

nl 

F 

ML 

NL 

I^W 

90 

NL 

20  C  FML 

NONE 

O 

+/-5% 

NL 

90 

NL 

NL 

85 

8PEC1F1E0 

H 

NL 

(Nominal) 

NL 

80 

110 

NL 

NL 

NL 

75 

80 

110 

NL 

NL 

70* 

80  * 

80  * 

85  * 

NL 

NL 

(NomlnaO 

70 

NL 

100 

NL 

M 

10% 

NL 

NL 

80 

125 

NL. 

W 

+/-  5% 

NL 

50 

80 

65  PORV 

30  C  FML 

X 

+/-  0.5V 

NL 

NL 

75 

125 

NL 

KEY;  FML  -  Frcrr^  M«a*wn  Urnl 

*  m  Corriptn  MmocYoiti  POW8  w  P»iv«nl  of  ManfeTMTi  Spooiod 

POffV  >  PtroOTil  o<  VitM 
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number  of  values,  the  average  of  the  two  middle  Vcilues  was  calculated. 
Priority  was  given  to  those  guidelines  specifying  advanced  microcircuits, 
such  as  VLSI  euid  gate  arrays.  The  reiticiining  gi-iideline  sources  were  used  as 
a  "sanity  check"  of  the  updated  stress  derating  criteria.  Table  4--15 
summarizes  the  new  stress  derating  criteria  for  PROM  microcircuits, 
including  the  pertinent  stress  derating  criteria  from  the  current  version 
of  the  Guidelines. 
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Table  4-15  PROM  Stress  Derating  Criteria 
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4.4  MICROCIRCUIT  APPLICATION  NOTES 


The  following  application  notes  for  advanced  technology  microcircuits  were 
developed  from  a  review  of  applicable  literature,  supplier  surveys  and 
other  stress  derating  guidelines.  These  application  notes  may  eilso  be 
found  in  Appendix  A. 


Digital  Microcircuits: 

1.  Advanced  technology  microcircuits  are  sensitive  to  ESD. 

2.  Unused  inputs  should  be  connected  to  a  supply  voltage  or  ground. 

3.  Supply  filtering  is  required  to  filter  out  txansients. 

4.  Heat  sinks  may  be  required  to  maintain  derated  junction  temperatures. 

5.  Design  margins  should  be  used  for  input  L?akage  (+100%),  fanout  (-20%) 

d  frequency  (-10%). 

6.  cood  engineering  judgement  should  be  used  to  derate  other  microcircuit 
characteristics,  including  hold  and  propagation  delay  times,  to 
produce  a  conservative  design. 

7.  Circuit  design  must  avoid  application  of  reverse  voltages  on  device 
leads, 

8.  Do  not  exceed  the  current  density  derating  described  by  the  equation 

Current  Der»sity  =  366  /  (Temperature  in  deg.  C  **  1.67) 
or  5E5  A/cm^,  whichever  is  smaller,  for  aluminum-based  metallized 
microcircuits  for  either  internal  circuit  operation  or  output  driver 
operation  (see  figure  4-34). 

9.  (Bipolar)  Supply  voltage  deviations  from  rhe  specified  nominal  will 
shift,  internal  bias  points  which,  when  coupled  wirh  thermeil  effects 
can  cause  erratic  performance. 

10.  (MOS)  Input  destruction  may  occur  by  shorting  leads  during  assembly. 

11.  (MOS)  High  speed  transients  may  result  in  parasitic  bipolar  latch-up. 

Linear  Microcircuits: 

1.  Each  linear  device  is  unique  and  tlie  designer  should  have  a  thorough 
knowledge  of  its  applicatu3n  requirements  to  assure  that  the  device  is 
operated  within  its  performance  envelope  at  eill  tiiaes. 

2.  Heat  sinks  may  be  required  to  maintain  derated  junction  temperatures. 

3.  Design  margins  should  be  used  for  gain  (-20%)  and  offset  voltages  and 
currents  (+50%). 

4.  The  circuit  design  must  avoid  application  of  reverse  voltage  on  device 
leads. 

5.  Do  not  exceed  the  current  density  dej  ating  described  by  the  equation 

Current  Density  =  366  /  (Temperature  in  deg.  C  **  1.67) 
or  5E5  A/cro^,  whichever  is  sma]ler,  for  ciluminum-based  metallized 
microcircuits  for  either  internal  circuit  operation  or  output  driver 
operation  (see  figure  4-34). 
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Current  Density  Derating 

(for  10,000  Hours  of  Operation) 


r  Model  Data  - Best  Fit 


5,0  MIMIC  DERATING  GUIDELINES 


For  advanced  technology  MIMIC  devices,  the  RA/AAT  reliability  models^  can 
be  summarized  in  general  form  by 

I  =  PiQ  *  [(CIA  *  Pi.TA  +  CIP  *  PiTP)  *  PiA  +  C2  *  PiE)  *  PiL  (3) 


where: 

L  is  the  MIMIC  failure  rate  in  failures  per  million  hours, 

PiQ  is  the  quality  factor, 

PiTA  is  the  temperatxire  acceleration  factor  for  active  devices, 
PiTP  is  the  temperati\re  acceleration  factor  for  passive  devices, 
PiA  is  tho  MIMIC  application  factor, 

PiE  is  the  application  environment  factor 
PiL  is  the  learning  factor, 

CIA  is  the  circuit  complexity  failure  rate  for  active  devices,  in 
failures  per  million  hours, 

CIP  is  the  circxiit  complexity  failure  rate  for  passive  devices,  in 

1  ^  ^  *1  n  ^  VK  ^ 

J  <  >  I  iAWUa.9/  CiAAVA 

C2  is  the  package  complexity  failure  rate  in  failures  per  million 
hours. 


A  review  of  the  literature^^^”^^  concerned  with  MIMIC  failure,  during 
the  time  since  the  RA/AAT  failure  rate  models  were  generated,  resulted  in 
no  change  to  this  basic  model. 

The  stress  parameters  and  attri  jutes  that  directly  affect  the  calculated 
failure  rate  for  a  MIMIC  devicts  are  embedded  in  the  Pi  and  complexity 
failure  rate  factors  of  the  reliability  model.  To  extract  the  maximum 
stresses  allowed  for  each  criticality  level  from  the  factors  in  tlie 
reliability  model,  L  in  equation  (3)  niust  be  set  to  the  maximum  failure 
rate  allowed  by  each  criticcility  level.  Since  MIMIC  devices  were  not 
iixluded  in  either  the  current  version  of  tlie  Guidelines  or  any  version  of 
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MIL-HDBK-217,  tiese  maximum  failure  raves  are  not  specified  in  table  3-3. 
Therefore,  an  alternate  approach  was  used  to  bound  the  failure  rate  for 
each  criticcility  level.  It  was  noted  that  the  maximum  failure  rates 
calculated  for  silicon  microcircuits  closely  approximated  the  failure  rates 
that  would  be  calculated  given  probabilities  of  success  of  0.9990,  0.9900 
and  0.9000  at  10,000  hours  for  criticality  levels  I,  II  and  III, 
respectively.  The  actual  failure  rates  associated  witJh  these  three 
probabilities  of  success  are  0.1001,  1.0050  and  10.5361,  respectively. 
These  three  failure  rates  were  used  in  the  approach  for  developing  stress 
derating  criteria  in  a  fashion  similar  to  the  approach  used  for  advanced 
technology  silicon  microcircuits.  The  parameters  and  attributes  of  the 
failure  rate  model  vectors  were  separated  into  tltree  groups,  one  group  for 
criticality-specific  (CS)  attributes,  one  group  for  device-specific  (DS) 
attributes  cind  the  other  group  for  stress-specific  (SS)  parameters.  Table 
5-1  outlines  the  relationship  between  the  factors  in  the  failure  rate 
equation  and  the  distinction  between  criticality-specific,  device  specific 
ana  stress-specific  parameters  and  attributes  associated  with  me  factors. 


I>  /fl 
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There  were  two  types  of  device-specific  attributes,  technology  and 
complexity.  The  technology  attribute  of  the  C2  factor  was  handled  by 
noting  that  the  pin  count  for  most  MIMICs  does  not  exceed  10  pins.  Tht' 
packaging  technology  selected  was  the  one  xhat  gave  the  highest  feiilure 
rate  for  a  10  pin  package  according  to  the  Rft/AAT  final  report.  Having 
bound  the  package  ccmplexitif,  the  circuit  complexity  attribute  was  handled 
by  noting  that  the  relative  difference  in  values  of  the  CIP  factors  for 
MIMIC  devices  with  11  to  100  passive  elements  and  MIMIC  devices  with 
greater  than  100  passive  elements  was  less  than  3.0  percent,  and  that  many 
MII-SIC  devioes  had  more  than  10  passive  elements.  Therefore,  the  CIP  factor 
for  itiHICs  witli  greater  than  100  passive  elements  was  used  to  represent  tlie 
CIP  factor  for  MIFICs  with  11  to  100  passive  elements.  Four  sets  of 
derating  criteria  were  developed  tu  handle  the  two  CIA  and  two  CIP  circuit 
complexity  categories  of  MIMIC  devices. 
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Table  5-1  Attributes  and  Parameters  of  MIMIC  Model  Factors 


Factor 

Type 

Attribute  /  Parameter- 

PiQ 

CS 

Application  Environment 

PiTA 

ss 

Channel  Tenperature 

PiTP 

ss 

Channel  Teupcrature 

PiA 

N/A 

i^lication 

PiE 

CS 

i^lication  Envircnment 

PiL 

CS 

Years  In  ProdU'Cticai 

CIA 

DS 

Circuit  Cccplexity,  Active  Devices 

CIP 

DS 

Circuit  Ocrplexity,  Passive  Devices 

C2 

DS 

Package  Technology 

DS 

FaL’ioiyt;  Gjiii(jlc:XxLy 

Ibe  criLtica]  i  ty -specific  attributes  included  application  environment  and 
years-iji-productLon.  ‘Uie  application  envirorjments  for  the  PiQ  factor  were 
S-Level,  B-Level  and  B-Level  for  criticality  levels  I,  H  and  UI/ 
respectively.  The  application  environments  for  the  PiE  factor  were  Sp, 
Ay  and  Gp  for  criticality  levels  I,  Ij.  and  HI-  respectively.  These 
application  environments  were  chosen  since  tlic  y  were  the  most  closely 
related  to  the  application  environments  outlined  in  the  current  version  of 
the  Guidelines.  The  years-in-production  attribute  for  the  experience 
factor^  PiL,  were  2  years,  1  year  and  0.75  years  for  criticality  levels  I, 
n  eind  HT,  respectively.  These  years  in  production  were  chosen  based  upon 
current  experience  with  component  procurement  for  systems  that  can  be 
categorized  by  the  definitions  given  for  each  criticality  level. 


Tne  stress-specific  parconeters,  as  mentioned  previously,  a^B  the  only  ones 
that,  when  changed,  result  in  a  different  failure  rate  for  any  given 
MIMIC.  The  channel  temperature  peirameter  was  the  only  parameter  that  could 
be  varied  to  obtain  the  maximum  failure  rate  for  tlie  MIMIC.  With  tlie 
device-specific,  criticality-specific  and  stress-specific  attributes  and 
parameterF  defined,  the  maximiam  chamriel  temperature  derating  criteria  was 
developed. 

The  criteria  in  the  MDIIC  stress  derating  table  was  the  result  of  applying 
the  device-specific  attributes  and  strcc^ss-specific  parameters  to  the 
fciilure  rate  equation.  These  attriliutes  and  parameters  included 
temperature  activation  energy  (EiTA  and  Pi.TP),  circuit  complexity  (CIA  and 
C1F5  cind  number  of  package  pins  (0.2).  Table  5-2  outlines  the  values  used 
in  evaluating  these  device/stress-speci  fi.a  attributes- 

Tl)e  dependence  of  failure  rate  and  prob'scility  of  success  at  10,000  horrs 
of  operation  are  shown  in  figures  5-1  ana  s-2,  respectively.  By  applying 
the  approach  outlined  in  soctions  ?  0  and  4.0,  the  maximum  channel 
temperature  is  cala?lated  by  setting  KCTMIC  failure  rate  of  equation  (3) 
to  the  failure  rates  of  the  tluree  criticality  levels.  The  channel 
temperat'ire  derating  critei-ia  foi*  Ml.iic  devices  is  found  in  table  5-3. 

Table  5-2  MIMIC  Devicc/Utres^-Specific  Attributes 


Technology 

Attribute 

Value  /  Equation 

GaAs 

Ea  (Active) 

1.50  eV 

Ea  (Pas.sive) 

0.43  eV 

ClA 

7.2.2 

CIP 

2.94 

Pills 

10 

_  i 

2.8E-4  *  PDIS  **  1.08 
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MlMiCs 

Temperature  Dependence  of  Failure  Rate 


Figure  5-1  MIMIC  Failure  Rate 
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Temperature  Depenaence 


Level  I  -e-  Level  I!  -x- 


It  is  noted  here  that  the  calculated  derated  channel  temperature  stress  for 
level  III  mission  criticality  (approximately  160  to  165  deg  C)  was  above 
the  region  of  validity  of  the  RA/AAT  reliability  model.  Therefore,  the 
maximum  channel  temperatm*e  for  level  III  criticality  was  set  to  the 
maximum  valid  channel  temperature  of  150  deg  C. 

Since  existing  stress  derating  guidelines  have  purposely  affected  the 
observed  failure  rates  of  components  used  in  applications  corresponding  to 
one  of  the  three  criticality  levels,  it  was  necessary  to  review  the 
existing  stress  derating  guidelines  to  determine  their  relevance  in  being 
included  in  the  updated  stress  derating  guidelines,  given  that  tlie  factors 
being  derated  were  not  explicitly  included  in  the  current  failure  rate 
models.  It  was  determined  that  none  of  the  identified  fourteen  guideline 
sources  piovided  MIMIC  stress  derating  criteria.  Therefore,  the  updated 
stress  derating  criteria  for  MIMICs  is  limited  to  only  the  newly  created 
criteria  based  upon  the  updated  RA/AAT  reliability  models. 


MIMIC  APPLICATION  NOTES 


The  following  applica  tion  notes  for  MIMIC  devices  were  developed  from  a 
review  of  applicable  literature,  supplier  surveys  and  other  stress  derating 
guidelj.nes.  These  application  notes  may  also  be  found  in  Appendix  A. 


1.  The  enviroranent  of  the  internal  package  cavity  of  the  MIMIC  must  be 
kept  inert. 

Precautions  must  be  observed  during  electrical  test  to  prevent 
potential  latent  failuire  due  to  overstress. 


2. 


6.0  POWER  TRANSISTOR  DERATING  GUIDELINES 


Fewer  transistors  are  designed  for  power  airplification  and  hcmdling  Iiigh 
voltages  and  large  currents.  The  main  cenoem  with  power  transistors  is 
the  lii^  absolute  veilues  of  power  and  the  limitation  of  operation  iitposed 
ijy  seccsTci  breakdown. 

Stress  derating  guidelines  were  generated  for  three  classes  of  power 
transijstors,  silicon  bipolar,  GaAs  and  MOSFBT.  For  silicon  bipolar  power 
transistors,  an  approach  similar  to  the  microcircuit  approach  was  used  to 
develop  the  stress  derating  criteria.  For  GaAs  power  MESFETs,  adequate 
data  was  accunsolated  v^iich  allcx^  the  generation  of  a  tearperature 
dependent  failure  rate  model-  For  power  >$3SFErs,  it  was  determined  that 
the  currently  accepted  derating  policies  were  adequate  in  providing  the 
margins  of  safety  and  success  needed  in  the  intended  applications.  Reviews 
of  the  literature^ sipplier  surveys  and  available  stress  derating 
guidelines  from  government  and  industrv^  sources  were  used  to  evaluate  and 
update  the  stress  derating  criteria  for  tliese  typ^  of.  power  transistors. 

The  application  notes  for  pjcwer  transistors  were  aJ.so  developed  fraa  a 
review  of  applicable  literature,  sipplier  surveys  and  other  stress  derating 
guidelines.  These  applicaticHi  notes  nay  be  found  at  tlie  end  of  this  power 
transistor  section  eind  in  ^^pendix  A. 


6.1  SIUOOK  bXPOIAR  POWER  TRANSISTORS 

The  junction  tenpx^ture,  Tj ,  in  a  silicon  bipolar  pewer  transistor 
increases  the  ttie  power  increases.  The  maxinum  value  of  Tj  is  limited 
by  the  tea^i^xLrature  a;,  which  the  base  region  of  the  transistor  becx>nes 
intrinsic,  that  is,  the  collector  is  effectively  shorted  to  the  emitter  and 
transistor  action  a  ases.  'Ihe  tenperature  and  power  handling  ability  of  a 
transistor  can  be  improved  by  pT-oviding  adequate  heat  sink  for  efficient 
thermal  dissipation,  providing  a  large  enou^  emitter  stripe  width  to 
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reduce  current  density  and  preferring  low  voltage,  high  current  application 
to  hj-gh  voltage,  low  current  t^lications,  Hie  latter  condition  results  in 
hicfier  tenperature  rises  at  the  stripe  centers .  OonsequertiLy,  both  power 
and  juncticai  ten^jerature  stresses  need  to  be  derated. 

Ihe  use  of  power  transistors  is  often  limited  by  a  phejicmenon  called  second 
breakdown,  wliidi  is  marked  by  cm  abm^  decrease  in  device  voltage  with  a 
simultaneous  internal  ocnscriction  of  current.  For  hi^  pi::wer  devices, 
operation  must  be  confined  to  a  safe  operating  area  (SCA)  so  that  permanent 
damage  caused  by  the  seoemd  brsakdewn  can  be  avoided.  Figure  6-1  shews  a 
typical  SQA  for  a  siliocxi  pewer  transistor  opai^bed  in  the  conwon'^aitter 
configuration.  At  the  r^per  left  (A) ,  collector  load  lines  are  limited  by 
current-carrying  ability.  The  DC  thermal  limit  {B)  is  determined  frxam  the 
thental  resistance  of  the  device, 

Rth  =  (Tj  -  Tq)  /  P  (4) 

where  P  is  the  pewer  dissipated.  Therefore,  the  thermal  liirit  defines  the 
maxiiiura  allowed  j-jnetion  tenperature,  where 

R^(peak)  =  (Tj  (max)  -  T^)  /  (I^,  x  limit  (5) 

If  Tj(max)  and  assumed  cemstant,  then 

(I^  X  limit  =  (Tj  (max)  -  Tq)  /  I^(peak)  =  oc»Trtant.  (6) 

Thus  a  strai^t  line  relationship  with  slcpe=l  exists  bt  r-  m  Ijn(I^)  and 
In(V^) .  At  hitler  voltages  and  Icwer  cxrrrents,  the  tenperature  rise  at 
the  stripe  center  is  responsible  for  t_ie  second  brea)cdown,  and  the  slope 
(C)  is  generally  between  -1.5  and  -2.  The  device  is  eventually  limited  by 
the  first  breakdown  voltage,  or  avctlanche,  in  the  SQA  as  indicated  by  tht 
vertical  line  (D) .  For  cenpeiatures  higiier  than  Tq,  the  SOA  is  reduced. 
All  porticais  of  the  SQA  should  be  derated  to  provide  margjms  of  safety  as 
needed  for  explication. 


Figure  6-1  Typical  Power  Transistor  SOA 


For  silicon  bipolar  transistors,  the  Notice  1 

reliability  model^^^  has  the  form 

L  =  Lb  *  PiA  *  PiR  *  Pis  *  PiQ  *  PiE  *  PiT  (7) 


where; 

L  is  the  transistor  failure  rate  in  failures  per  million  hours, 
Ib  i£>  the  base  failure  rate, 

PiA  is  the  applicaticai  factor, 

PiR  is  the  power  rating  factor , 

Pis  is  the  voltage  stress  factor, 

PiQ  is  the  quality  factor 

PiE  is  the  application  environment  factor,  and 
PiT  is  the  teiTperature  a<xeieration  factor. 


A  review  of  the  literature  conciemed  with  silicon  bipolar  power  transistor 
failure,  during  the  time  since  KILf-HDBK-2r7E  Notice  1  failure  rate  models 
were  generated,  resulted  in  no  change  to  this  basic  model. 

The  stress  parameters  and  attributes  that  directly  affect  the  calculated 
fedlure  rate  for  a  silicon  bipolar  power  transistor  are  ejrbedded  in  the  Pi 
factors  of  the  reliability  model.  To  extract  the  maximnn  stresses  allowed 
for  each  criticality  level  frem  the  factors  in  the  reliabilily  model,  L  in 
eqi:^ticxi  (7)  must  be  set  to  the  maximum  fciilure  rate  allowed  by  each 
critiezLLity  level.  Ihese  iraximum  failure  rates  are  specified,  in  table 
3-:j.  In  the  approach  to  develop  stress  derating  criteria  for  silicon 
bipolar  pewer  transistors,  the  parameters  and  attributes  of  tlie  failure 
rate  model  factors  were  separated  into  three  grotps,  <x>e  group  for 
criticality-specific  (CS)  attributes,  one  grotp  for  device-specific  (DS) 
attributes  and  the  other  grotp  for  stress-specific  (SS)  parameters.  Table 
6-1  outlines  the  relationship  between  the  factors  in  tlie  failure  rate 
equaticn  and  the  distincticn  between  d'iticxility-specific,  devioe-^>ecific 
and  stress-specific  parameters  and  attributes  associated  with  the  factors. 
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Table  6-1  Attributes  and  Pai-ameters  of  Silicon  Bipolar  Power 
Transistor  Model  Factors 


Factor 

lype 

Attribute  /  Parameter 

Ib 

N/A 

Base  Failure  Rate  (constant) 

PiQ 

CS 

i^lication  Environment 

PiT 

SS 

Junction  Tetrperature 

PiE 

CS 

Application  EnviroTiment 

PiA 

N/A 

i^licaticn  (ocntstcint) 

PiR 

SS 

Power  Rating 

Pis 

SS 

Voltage  Stress  | 

In  this  power  transistor  reliability  model,  there  were  no  device-specific 
attributes.  The  only  criticality-specific  attribute  was  the  application 
environment  attribute.  The  application  environments  for  the  PiQ  factor 
were  JANTXV,  JANTX  and  JAN  for  criticality  levels  I,  II  and  III, 
respective'.y.  The  application  environments  for  the  PiE  factor  were  Sp, 
Ayp  and  Jp  for  criticality  levels  I,  II  and  m,  respectively.  These 
application  environments  ware  chosen  since  they  were  the  most  closely 
related  to  the  application  envixonments  outlined  by  the  criticality  levels 
in  the  current  version  of  the  Guidelines  and  resulted  in  the  highest 
failure  rate  for  tlie  criticeility  level  tiiey  represented. 

The  stress-specifk:  parameters,  as  mentioned  previously,  are  the  only  ones 
that;  when  clianged,  result  in  a  different  failure  rate  for  the  given  power 
transistor.  These  parameters,  junction  temperature,  breakdown  voltage  and 
power  rating,  eire  the  ones  that  can  be  traded~off  to  obtain  a  failure  rate 
similar  to  the  maximum  failure  rate  that  was  calculated  using  MIL-HDBK-217D 
Notice  1.  As  shown  in  table  6-2,  the  stress  specific  attributes  include 
temperature  activation  energy  (PiT)  and  voltage  acceleration  (PiS). 
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Table  6-2  Silicon  Bipolar  Power  Transistor 
Stress-Specific  Attribut<^ 


Technology 

Attribute 

Value  /  Equation' 

Silicon  Bipolar 

Ea 

Pis 

1 

0.18  eV 

0.045  *  exp  [3.1  *  A/R] 

The  approach  taken  to  develop  the  bounds  for  these  stress-specific 
parameters  first  assumed  the  power  rating  was  the  same  as  the  power  rating 
used  to  develop  tlie  maximum  failure  rate  (200  W).  Then,  the  derating  of 
the  remcdning  stress-specific  parameters  associated  with  the  other 
reliability  model  factors,  namely  breakdown  voltage  and  junction 
temperature,  were  equally  weighted  in  calculating  a  similar  fedlure  rate. 
The  equal  weighting  of  the  stress  jjorameters  resulted  in  derating  both 
voltage  and  temperature  to  65%,  85%  and  90%  of  their  maximum  ratings  for 
criticcility  levels  I,  H  and  III,  respectively.  Since  the  conservative 
maximum  rating  for  silicon  bipolar  power  transistors  is  150  deg  C,  the 
■junction  temperature  derating  for  criticality  levels  I,  II  and  III  eire  95 
deg  C,  125  deg  C  and  135  deg  C,  respectively. 

Supplementing  the  breakdown  voltage  and  junction  temperature  derating 
parameters  were  the  stress  derating  parameters  outlined  by  other  derating 
guideline  sources  shown  in  table  6-3.  In  keeping  with  the  general  approach 
outlined  in  Section  3.0,  and  because  of  the  uncertainty  of  criticality 
cissumed  witli  guideline  sources  not  specifying  three  criticality  levels, 
only  those  guideline  sources  supplying  derating  criteria  for  three 
criticality  levels  were  evaluated  for  inclusion  in  the  updated  gmdelinas. 
The  r  .■\airung  guideline  sources  were  used  only  as  a  "sanity  check"  of  tlit. 
updated  stress  derating  cri.teria.  Table  6-4  summarizes  the  new  stress 
derating  criteria  for  bipolar  silicon  power  transistors. 


102 


Table  6-3  Silicon  Bipolar  Power  Transistor  Guidelines 


CPCnCAUTY 

LEVEL 

OUIDEUNE 

MAXIMUM 

JUNCTION 

TEMPERATURE 

(digq 

POWER 

OtSSIPATlON 

(PORV) 

SAFE 

OPERATiMa 

AREA 

(PORV).Vc# 

SAFE 

OPERATING 
AREA 
(POnV),  k! 

BREAKDOWN 

VOLTAGE 

(PORV) 

ON-OFF 

TEMPERATURE 

CYCLES 

A&B 

as 

50 

70Vce 

60  Ic 

60 

NL 

C 

95 

50 

70Vce 

60  (C 

NL 

NL 

1 

0 

NL 

NL 

NL 

NL 

NL 

NL 

B 

(55  PORV) 

50 

70VCO 

60  Ic 

60 

Fig.  6-4 

F 

(55  PORV) 

55 

55VCO 

55  IG 

60 

Fig.  6-4 

A&B 

105 

60 

70Vco 

60  Ic 

70 

NL 

II 

C 

105 

60 

70  Vce 

60  Ic 

NL 

NL 

0 

NL 

NL 

NL 

NL 

NL 

NL 

a 

(70  PORV) 

65 

80  Vce 

701c 

70 

Fig.  94 

F 

(80  PORV) 

80 

80  Vce 

SOk, 

VO 

Fig.  6-4 

125 

70  Vce 

60  Ic 

70 

NL 

125 

70  Vce 

60  Ic 

NL 

NL 

III 

NL 

NL 

NL 

NL 

NL 

(SO  r^xTO 

90  Vce 

aoic 

Oft 

riy.  6-4 

F 

(90  PORV) 

90 

90  Vce 

901c 

80 

Fig.  94 

— 

60 

60 

75  Vce 

HI  91 

NL 

NL 

sr>£aFiF.D 

110 

50 

75  Vce 

65 

NL 

110 

SO 

75  Vce 

NL 

NL 

125 

fO 

75  Vce 

NL 

NL 

NL 

so 

70  Vce 

70 

NL 

M 

125 

NL 

75  Vce 

751c 

NL 

NL 

w 

NL 

70 

NL 

NL 

NL 

NL 

X 

125 

NL 

100  Vco 

j  —  — 

100  Ic 

NL 

NL 

KEY:  NL  u  Not 

PORV  -  Pcrconi  of  Vtkm 
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Table  6-4  Silicon  Bipolar  Power  Transistor  Stress  Derating  Criteria 


¥ 


> 

■g 

tQ 


U  ■ 
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I 
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6,2  Gc^As  POWER  TRANSISTORS 

Althau^  both  JiFTT  and  MOSFET  sidles  of  GaAs  transistors  exist,  the  roost 
ocmmon  style  of  GaAs  power  trai'isistor  is  the  MESFET.  Fran  reviews  of  the 
available  literature  and  st^^lier  surveys,  the  primary  failure  meciianism  for 
MESIETs  is  the  interdiffusion  of  the  d^xjsibed  metal  (typically  aluminum  or 
gold  based)  and  the  GaAs.  'tyi^ically#  i-he  interdiffusicai  results  in  a 
graducil  degradaticxi  in  perforroancje  due  tD  increased  contact  resistance, 
decreased  drain  current  and  rediKsed  chanr<el  depth. 

The  primary  stress  that  accelerates  this  process  is  teaDperature.  Table  6-5 
sionmarizes  in  detail  the  geonetry,  materials,  ratings  and  life  test  bias 
conditicxis  and  results  obtained  from  various  literature  and  supplier  sources 
in  whioh  the  effects  of  tenperature  are  well  documented.  It  is  observed 
that  the  primary  failure  mode  hcis  changed  fron  one  that  produces 
catastrophic  results,  such  as  gate  bum-out,  to  one  that  results  in  gra.  ml 
degradaticsi,  such  as  a  5°;  change  in  If^Q*  uiost  cases,  an  activation 
energy  was  calculated,  suc^i  that  a  lifetime  prediction  could  be  made  based 
on  diannei  teuperature.  Ihese  predictions  are  shown  graphically  in  figure 
6-2.  It  is  notioed  that,  at  hich  tenperatures  vhere  the  life  test  was 
monitored,  most  of  the  rea^renoes  shewed  fairly  consistent  results.  The 
only  excepticKi  was  reference  154.  Ihe  mean  and  standard  deviation  of  the 
extrapolated  lifetimes  from  the  other  references  enables  an  appruximaticsi  of 
the  probability  of  s<.)ooess  to  be  calculated  for  a  given  teseperature.  The 
0,5  (nean) ,  0.9000,  0.9900  and  0.9990  probabilities  of  success  are  shown 
graphically  in  figure  6-3.  evaluating  each  curve  at  its  intersection 
with  the  5  log-hour  lifetime  line  (100,000  hours),  and  assuming  the  same 
relationship  between  probability  of  success  and  criticality  ].evel  that  was 
assumed  for  GaAs  MBUCs,  the  maximum  junction  tenperature  can  be  evaliiated 
for  each  criticality  level..  Hie  maximum  channel  tenperatures  for  GaAs  power 
MESFETs  are  85,  100  and  125  degrees  Celsius  for  criticality  levels  I,  II  and 
III,  re^jectively. 
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Table  6~5  GaAs  Power  MESFET  Lifetest  Data 
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Table  6- 


GaAs  Power  MESFET  Lifetest  Data  (continued) 


Failure  Quantity  Quantity  Distribution 

REF.  Mode  Stressed  Failed  Duration  Ea  noun  Tch  Type  Mean  Slsma 

j  (hours)  (eV)  (deg  C)  (log  hours)  (log  hours) 


Table  6-5  GaAs  Power  MESFET  Lifctest  Data  (contxnued) 
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Burn-out  HL  NL  NL  1.U  10,400  225  log-normal  3.68 
Burn-out  HL  NL  NL  1.44  3000  250  log-normal  3.00 
Burn-out  NL  NL  NL  1.44  700  275  log-normal  2.30 


GaAs  Power  MESFET 

Lifetime  Estimations 


Si^YjlenvGnting  the  channel  tenperatuire  derating  parameter  Wcis  the  stress 
derating  parameters  outlined  by  other  derating  guideline  sources  as  .shown 
‘n  t£±)le  6-6.  In  keeping  with  the  general  approach  outlined  in  Section 
3.0,  emd  because  of  the  uncertainty  of  criticality  cissumed  with  guideline 
scuroes  not  speci^ing  three  criticality  levels,  only  those  guideline 
sources  supplying  derating  criteria  for  three  criticality  levels  were 
evaluated  for  inclusion  in  the  updated  guidelines.  For  each  parameter 
specified  by  these  guideline  sources,  a  medicin  value  for  the  parameter  was 
chosen.  In  the  case  where  the  choice  was  between  an  even  nuirber  of  Vcilues, 
the  average  of  the  two  median  values  was  calculated  and  then  rounded  rqp. 
The  remaining  guideline  sources  were  used  cnly  eis  a  "sanity  check"  of  the 
x^xiated  stress  derating  criteria.  From  a  thorou^  review  of  the 
Ij.terature,  ■  it  was  determined  that  currently  accepted  derating  policies  are 
adequate  in  sijpplementing  the  channel  teitperature  derating  parameter  in 
providing  the  margins  of  safety  and  success  needed  for  the  application. 
Table  6-7  summarizes  the  new  stress  derating  criteria  for  GaAs  power 
transistors. 
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Table  6-6  GaAs  Power  Transistor  Guidelines 


CRlTtCAUTY 

LEVEL 

GUIDEUNE 

MAMUUV 

CHANNEL 

TEMPERATURE 

(dog  C) 

POWER 

DISSIPATION 

(PORV) 

BREAKDOWN 

VOLTAGE 

(PORV) 

ON-OFF 

TEMPERATURE 

CYCLES 

A&B 

95 

50 

60 

■■1 

C 

95 

50 

60 

I 

D 

95 

SO 

60 

BKIH 

E 

(55  PORV) 

50 

60 

F 

(55  PORV) 

55 

60 

HgH 

A&B 

105 

60 

70 

II 

C 

105 

60 

70 

D 

105 

60 

70 

E 

(70  PORV) 

65 

70 

F 

(80  PORV) 

SO 

70 

A&B 

125 

70 

70 

NL 

III 

C 

125 

70 

NL 

D 

125 

70 

70 

NL 

R 

(80  PORV) 

80 

80 

Fig.  6-4 

F 

(90  PORV) 

90 

80 

Fig.  6-4 

G 

NL 

NL 

NL 

NL 

NONE 

H 

NL 

NL 

NL 

NL 

SPECIFIED 

J 

NL 

NL 

NL 

NL 

K 

NL 

NL 

NL 

NL 

L 

NL 

NL 

NL 

NL 

M 

NL 

NL 

NL 

NL 

W 

X 

82  PORV 

125 

70 

NL 

70 

NL 

NL 

NL 

KEY;  NL  »  Not  Ustod 

PORV  -  Pereont  ot  Rated  Value 
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6.3  POWER  MOGFETs 


MOSFETs  cannot  be  derated  in  the  saiae  way  as  bipolar  junction  transistors 
because  the  devices  are  constructed  and  operate  differently.  MDSTETs  have 
considerably  hi^er  ir^xit  iitpedance  than  bipolar  transistors,  vAiicii  makes 
them  suitable  for  microwave  systems.  MOSFETs  also  have  a  negative 
teirperature  coefficient  at  hii^  current  levels,  resulting  in  the  current 
decreasing  with  increasing  temperature.  This  characteristic  provides  for 
tenperature  stability  and  preverits  the  FET  frcin  thermal  runaway  or  second 
breakdown.  Consequently,  MDSFETs  have  found  increased  aoo^atanoe  as  power 
devices. 

From  a  thorcu^  review  of  the  literature,  it  was  determined  that  currently 
accepted  deratitg  policies  are  adequate  in  providing  those  margins  of 
safety  and  success  needed  for  the  application,  Ihe  stress  derating 
criteria  for  power  MOGFET  transistors  outlined  by  other  derating  guideline 
sour:«s  is  siiowii  iii  table  6-8.  In  keying  with  the  general  approaoh 
outlined  in  Section  3.0,  and  because  of  the  xmcertainty  of  criticality 
assumed  with  guideline  sources  not  specifyiig  three  criticality  levels, 
only  those  guideline  sources  svpplying  derating  criteria  for  three 
criticality  levels  were  evciluated  for  inclusicai  in  the  updated  guidelines. 
For  each  parameter  specified  by  these  guideline  sources,  a  median  value  for 
the  parameter  wais  chosen.  In  the  case  \»here  the  choice  was  between  an  even 
number  of  values,  the  average  of  the  two  a^edian  values  was  calculated  and 
then  rounded  i?).  Ihe  ranaining  guideline  sourtes  were  used  caiLy  as  a 
"sanity  check"  of  the  ijpdated  stress  derating  criteria.  Table  6-9 
summarizes  the  nev/  stress  derating  criteria  for  pcwer  MDSFET  transistors. 
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Table  6-8  Power  MOSFET  Transistor  Guidelines 


CF«T»CAUTY 

l£VEL 

OUlOt;UNE 

MAXIMUM 

JUNCTION 

TEMPERATURE 

POWER 

DISSIPATION 

(PORV) 

SAFE 

OPERATINQ 

AREA 

(PORV).Vc« 

SAFE 

OPERATING 

AREA 

(PORVI.IC 

BREAKDO/^ 

VOLTAGE 

(PORV) 

OK-OIF 

TEMPERATURE 

CYCLES 

MS 

95 

50 

NL 

NL 

60 

NL 

c 

95 

SO 

N.. 

NL 

60 

NL 

1 

0 

NL 

NL 

NL 

NL 

NL 

NL 

E 

(55PORV) 

50 

NL 

NL 

60 

Fig.  e-A 

F 

(5SPORV) 

55 

55  Vcc 

55  Ic 

60 

Fig.  6^ 

MB 
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GO 

NL 

NL 

70 

NL 

C 
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60 

NL 

NL 

70 

NL 
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NL 

NL 

NL 

NL 

NL 

NL 

E 
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65 
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70 
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F 
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70 

Fig.  6-1 
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70 
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70 
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1 
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70 

ML 

NL 

70 

NL 
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NL 

NL 
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NL 

S 

(Boponv) 
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NL 

NL 

80 

Fig.  6-1 

- 

(SOKQKV) 

90 

SO  Vco 

»U  IC 

80 

Fig  6-4  1 

NOiE 

Q 

60 

60 

75VCS 

751c 

NL 

NL 

6P*iCIFieD 
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50 

75  Vco 

O'i  Ic 

65 

NL 
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so 

V5Vce 

70  Ic 

NL 

NL 

125 

50 

(75  Vds) 

(75  Id) 

NL 

NL 

NL 

50 

70  Vco 

70  Ic 

70 

NL 

M 

125 

NL 

NL 

NL 

75 

NL 

W 

NL 

NL 

NL 

NL 

70 

NL 

X 

_ 

125 

NL 

100  Vcu 

1001c 

NL 

NL 

ie^  hOSFET  Maxiiam  Junction  Te(r(5.  <deg  C) 
Power  Dissipatloc  (P()RV) 
Breekdown  Voltage  (PIJRV) 
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ir  Stress  Derating  Criteria 


6.4  PCWER  IKANSISTOR  APPLICATTOJ  NOTTES 


Ihe  following  ^jplication  notes  for  power  transistors  were  developed  frtan  a 
review  of  applicable  literatxire,  si:qpplier  surveys  and  other  stress  derating 
guidelines,  Ihese  application  notes  may  ^LLso  be  found  in  Apperdix  A. 


1.  Power  transistors  may  be  sensitive  to  ESD. 

2.  Design  margins  should  be  used  for  gain  (+/"  for  screened  devices; 
+/“  20%  for  unscreened  devices) ,  leakage  aarrent  (+100%) ,  switching 
times  (+  20%)  and  saturation  voltage  (+/-  15%) . 

3-  Heat  sinks  may  be  required  to  maintain  derated  junction/channel 
tejiperatures. 

4.  SQA  curves,  adjusted  for  junctioiVchannel  tenperature,  should  not  be 
exceeded  under  any  transient  conditions. 

5.  Ihe  nunber  of  txi-off  cycles  (tenperature  cycles)  should  be  limited 
according  tlvs.  derated  power  as  shewn  in  figure  6-4. 
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Power  Transistors 

Thermal  Cycle  Ratings 


7.0  RF  TRANSISTOR  DEEV^ING  GUIDELINES 


RF  pulse  transistors  and  RF  raultitransistor  packages  have  typiccilly 
operated  in  the  lew  micrewave  frequency  ra^ige  and  have  been  largely  silicon 
NFN  transistors.  However,  because  of  the  advances  in  performance  and 
reliability  of  GaAs  transistors,  many  of  the  silicxDn  RF  jxalse  transistors 
are  be:ing  replaced  by  GaAs  MESFETs. 

Sane  of  the  critical  parameters  and  constructiai  details  for  RF  pulse  and 
microwave  transistors  include  current  gain,  switching  time,  doping  level  in 
the  base,  maximum  open  circuit,  voltage  (breakdown  voltage) ,  off  inopedanoe, 
on  iitpedanoe,  emitter  stripe  width,  base  thickness  package  and  wafer 
parasitics  and  active  eunea  geometry,  including  interdigitated,  overlay  and 
mesh  types. 


Significant  failure  mednanisms  of  RF  pilse  transistors  includes 
electrciuigrat xcn ,  corrosxon,  mtexuistallxc  fcxxnatxon  on  bonds,  reverse 
junction  leakage  and  secondary  breakdewn.  Narrw  base  widths  can  result  in 
collector  emitter  shorts  due  to  tenperature  accelerated  diffusiexv  spikes 
emd  pipes  if  twlk  silicon  defects  such  as  dislocations  and  stacking  faialts 
are  present.  Ihermai,  resistance  problems  can  occur  on  RF  transistors  and 
attention  to  die  size,  die  attach  method,  package  type  and  application, 
heat  sinks  and  air  flow  are  important  factors  relating  to  the  derating 
criteria.  It  is  noted  that  the  newer  device  styles  eure  iuore  powerful,  more 
sensitive  and  cover  greater  bandwidths,  although  the  basic  technologies  are 
tiie  same.  Therefore,  the  xpdated  stress  derating  criteria  for  RF  pulse 
transistors  and  RF  multitransistcr  packages  has  not  changed  from  the 
current  stress  derating  criteria,  with  the  exc^jtion  that  perhaps  greater 
attention  to  detail  is  required.  This  attention  to  detail  is  highli^ted 
in  the  following  two  exanples. 
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In  this  exanple,  a  thermal  runaway  failure  was  observed  in  a  microwave 
TOoititransistor  (NTN)  package  (see  figure  7-1) .  In  this  pacjcage,  tvro 
4-transi55tor  arrays  were  mounted  next  to  each  other.  Curing  the  failure 
analysis,  it  was  determined  that  in  the  assembly  operaticsn,  the  secjond 
array  Wcis  not  mounted  properly.  The  array  was  sitting  on  top  of  tine  edge 
of  the  first  array  (see  figure  7-2) .  Ihe  greatly  increased  thermal 
resistance  at  that  end  of  the  array  resulted  in  thermal  ovew^ess  and 
eventi:ial  oatastrcphic  failure  of  the  mltitransistor  package. 

'y.'hcr  than  this  analysis,  no  additional  informaticsi  was  accuraulated  cai  RF 
multitransistor  packages  that  indicated  a  difference  between  the  bdiavior 
of  RF  laultitransistor  packages  and  RF  single  transistor  packages. 
Therefore,  it  is  concluded  that  the  stress  derating  for  these  packages 
should  be  no  different  than  for  RF  single  transistor  packages.  It  is 
reccanmended  that  the  stress  derating  criteria  and  associated  application 
notes  tor  RF  transistors  outlined  by  the  current  version  of  the  Guidelines 
should  be  followed  for  RF  usultitransistor  packages. 

In  a  second  exanple,  failure  ancilysis  performed  on  118  RF  pUse  transistor 
field  failures  of  SPS-40  transmitters  identified  76  of  the  faiiliires  to  be 
related  to  MDS  capacitor  overvoltage,  lii^i  RF  voltages  due  to  reflection, 
transistor  mismatch  and  thermal  increases  due  to  reduced  die  attach.  A 
detailed  tltermal  analysis  identified  worst  case  junction  tejiperatures  of  87 
degree  Celsius,  well  within  the  required  derating.  The  RF  transistors  were 
rated  at  50  volts  and  were  not  expected  to  see  more  than  the  transistor 
emittar-ivise  breakdown  voltage  of  6  volts.  Hewever,  it  was  possible  to 
develop  R'-"’  voltages  across  the  MOS  capacitors  considerably  higher  than  the 
enuttei"-!^.-^  breakdtiwn  voltage  whei\  looking  at  35  watts  of  prised  450  MHz 
pewer.  TiX!  c:uLttGr-base  jionction  brseiks  dewn  without  damage,  but  the 
caf^.cit:ir  dielectric  breaks  down  as  an  irrevc^irsible  short.  Good 
ergiiicering  practices  need  to  sipplement  ary  derating  policy  in  order  to 
ci^tain  cy;  acce^Tlabie  level  of  safety  and  sarccess. 
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Altliough  studies  are  being  performed^^*^'^^^  to  better  understcirid  the 
effects  of  peak  pulse  ]r.K:wer  per  unit  gate  width,  tlie  nuitiber  of  pulses  in  a 
pulse  train  and,  the  dut^'  cycle  of  the  pulse  train  on  the  failutie  rate  of  RF 
pulse  transistor's,  "the  data  from  these  studies  does  not  provide 
insist  into  modifying  current  stress  derating  guidelines  for  RI*’  pulse 
•transis'bors. 

The  stress  derating  criteria  for  RF  pulse  ■transistors  was  developed 
similcurli  to  the  stress  derating  criteria  for  power  't'ansistors.  Hie 
channel  teit^Derature  stress  derating  developed  for  GaAs  power  MESFETs  is 
also  considered  afplicable  for  the  GaAs  RF  pulse  transistors.  The  stress 
derating  criteria  for  RF  pulse  transistors  outlined  by  other  derating 
guideline  sources  is  shown  in  tables  7-1  and  7-2  for  siliocai  bi.polcir  RF 
pulse  transistors  and  GaAs  pulse  MESFETs,  respectively.  In  keying  with 
■the  general  approach  outlined  in  Section  3.0,  and  becaiise  of  'the 
uncertainty  of  criticality  cissumed  with  guideline  sources  not  ^lecifying 
■three  criticality  levels,  only  ■those  guidelii'je  sc«Jroes  simply ing  derating 
criteria  for  -thrv^  criticality  levels  were  evaluated  for  inclusion  in  the 
vpdated  guidelines.  For  each  parameter  specified  by  these  guideline 
sources,  a  median  value  for  the  parameter  was  chosen.  In  the  case  vAiere 
■the  choice  was  between  an  even  number  of  values,  •the  average  of  tlie  two 
median  ■values  was  calculated  and  then  rounded  x?).  The  remaining  guideline 
sources  were  used  only  as  a  ’’sanity  check"  of  the  i;pdat©d  stress  derating 
cri'teria.  Table  7-3  summarizes  the  new  stress  derating  cxiteria  for  RF 
pulse  •tccinsistors. 


Table  7-1  Silicon  Bipolar  RF  Pulse  Transistor  Guidelines 
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NL 

NL 

NL 
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NL 
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NL 
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NL 

NL 

NL 

NL 
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Table  7-2  GaAs  RF  Pulse  Transistor  Guidelines 


rUAXIMUM 

POWER 

BREAKDOW/N 

ON-OFF 

CFuncAurY 

QUIDBJNE 

DISSIPATION 

VOLTAGE 

TEMPERATURE 

LEVEL 
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CYCLES 

A&B 

95 

50 

60 

NL 

C 

95 

50 

60 

NL 

1 

D 

95 

SO 

60 

NL 

E 
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50 
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Fig.  6-4 

F 
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NL 
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70 

NL 
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70 

NL 
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NL 
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90 

80 
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NL 
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NL 

NL 
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NL 

NL 

NL 

W 

82  PORV 

TH 

NL 
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NL 

■■ 

NL 

NL 
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APPLrCAlTON  NOTES 


The  following  c^lication  notes  for  RF  pulse  transistors  were  developed 
frcRi  a  review  of  applicable  literature,  si^plier  surveys  and  other  stress 
derating  guidelines.  These  applicaticai  notes  may  also  be  found  in  Appendix 

A. 


1.  RF  transistors  may  be  sensitive  to  ESD. 

2.  Design  nargins  should  k'e  used  for  gain  (+/“  10%  for  screened  devices; 
+/”  20%  for  unscreened  devices) ,  leakage  current  (100%) ,  switching 
times  (+  20%)  and  saturation  voltage  (-<-/-  15%) . 

3.  Heat  sinks  may  be  required  to  maintain  derated  juncticav'channel 
tenperatures. 

4.  The  design  may  require  exceeding  voltage  and  power  derating  limits, 
but  junctiorVchannel  tenperature  limits  should  be  observed  at  all 
times. 

5.  The  number  of  on-off  cycles  (tenperature  cycles)  should  be  limited 
aocording  the  derated  pcwer  ais  shown  in  figure  6-4. 


8.0  OP]X>-ELECrK»n:C  device  defiating  guidelines 


Ihe  apprmcii  to  the  develc^iiieiit  of  the  stress  derating  criteria  for 
opto-electronic  ocnponents  was  initiated  in  a  fashion  similar  to  the 
approach  used  for  silicon  bipolar  power  transistors.  However,  it  was 
realized  that  the  differenoes  betweer^  the  reliability  models  of 
MIL-HDBK-217D  Notice  1  and  MIIr^lDBK-217E  Notice  1  resulted  in  1:5)  to  several 
orders  of  magnitude  difference  in  (inproved)  predicted  failure  rates.  The 
quality  factor  liad  changed  2400%  to  7000%,  and  the  PiT  factor  of 
MIL^iDBK- ^ITE  Notice  1  utilizes  an  activaticai  energy  of  approximately  c«ie 
third  of  the  activation  energy  used  in  MIIr-HDBK-217D  Notice  1.  The  use  of 
the  silicon  bipolar  power  transistor  approach  to  stress  derating  would  liave 
resulted  in  virtually  no  stress  derating  rKjiired  to  meet  the  failure  rates 
that  were  ocxisidered  acceptable  at  the  time  the  current  version  of  the 
Guidelines  was  released.  As  an  alternative  approach,  the  development  of 
ipdated  "aco^Jtable"  failure  rates  for  the  three  criticality  levels  was 
considered.  The  failure  rates  that  can  be  obtained  by  applying  currently 
aoa^pted  derating  guidelines  to  the  reliability  models  were  deemed  to  be  as 
"acceptable”  as  any  other  values  chosen.  Therefore,  without  having  to  do 
the  failure  rate  calculaticns  and  the  reverse  stress  analysLs,  the 
currently  accepted  giudelines  beocme  the  updated  stress  derating  criteria 

The  stress  derating  criteria  for  cpto-electronic  devices,  including  photo 

■hYTanci  pilOtO  i.nj0Cticn  1  a&ay  iS i 

and  lic^t  emitting  diodes,  was  developed  ty  ccnsensus  of  cairrent  stress 
derating  guideline  sources,  eis  outlined  in  secticn  3.0,  The  stress 
derating  criteria  for  cpto-electronic  devices  outlined  by  oUier  derating 
guideJ-ine  sources  is  shewn  in  table  8-1.  In  keeping  with  tlie  general 
approach  outlined  in  Section  3.0,  and  because  of  the  uncertainty  of 
criticality  assumed  with  guideline  sources  not  speci.^ing  three  criticality 
levels,  only  those  guideline  sources  simply ing  derating  criteria  for  thTree 
criticality  levels  were  evaluated  for  inclusion  in  the  updated  guidelines. 
Table  8-2  summarizes  the  new  stress  derating  criteria  for  cpto-electronic 
devices. 


127 


Oerat^nji  Parametart  for:  (See  Key  Belw) 


Table  8-1  Opto-electronic  Device  Guidelines 


lerating  Parameters  m  .  ^ot  Listed 

1  -  MaxJmun  JurK:»-fon  Temperature  (deg  C)  POfV  -  Percent  of  Rated  Value 

2  -  Reverse  Voltage  (PORV) 

3  -  Power  Output  (pcRV) 

4  -  Average  Forward  Current  CPORV) 


Table  8- 


2  Opto— electronic  Device  Stress  Derating  Guidelines 


> 
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OPrO-mxniOCC  DEVICE  APPTJiCS^'I’lCW  NOTES 


Hje  fcllcwing  application  notes  for  opto-<ilectncati.c  devices  were  developed 
fran  a  review  of  sufplier  surveys  and  other  stress  derating  guidelines. 
Ihese  applicaticH".  ix>tes  may  also  be  found  in  Appendix  A. 


Hioto  Diodes: 

1.  Hie  gain  of  APDs  should  be  derated  by  3  dB  to  account  for  gradual 
efficiency  degradation  and  shifts  in  the  operating  point, 

Opto-cw^lers : 

1.  External  bypassing  may  be  necessary  to  prevent  damaging  internal 
oscillation  due  to  very  hicfi  gain  circuitry  within  the  opto-ooqpler, 

2.  Allow  for  15%  degradation  in  opto-cocpler  current  transfer  ratio  (CIR) 
over  the  service  life  of  the  design.  This  degradation  is  e^iecially 
prevalent  at  lew  dri.ve  current.  Hie  input  drive  current  should  be 
well  above  the  tum-cn  point. 

Light  Emitting  Diodes  (lEDs) 

1 .  Current  limiting  is  required  (uniig  a  series  resistor) . 

2.  Half  or  full  wave  rectified  AC  sine  wave  is  not  rtocfimended  for  LED 
drive  current.  If  rectified  AC  is  used  to  drive  LEDs,  the  peak  value 
of  the  current  must  never  exceed  the  allowable  DC  current  maximum. 

Injection  laser  Diodes  (XLDs) 

1.  Fewer  si;^li,es  for  HDs  must  be  carefully  designed  to  oonpletely 

eliminate  current  pulses  nay  cause  catastrcpiiic  facet  damage. 

2.  Oitput  power  should  be  given  a  3  dB  margin  to  account  for  gradual 
degradation  of  the  device. 

3.  llediaiiical  stress,  such  as  themal  or  mechanical  shock  and  vibration, 
cause  crystal  lattice  defects  (dark  lines)  to  grow.  Stress  screening 
can  be  used  to  eliminate  devices  with  these  defects. 

4.  Excess  opticcil  power  of  IIDs  will  damage  facets  and  will  descrcy  the 

device.  Note  that  optical  power  output,  is  strongly  tenperature 

dependent  and  must  be  mcnitored  and  controlled  to  assure  safe 

eperation. 

5.  For  Si02  glassivated  devices,  the  integrity  of  the  package  hermetic 
seal  must  be  naintained  to  prevent  moisture  absor^icxi  which  will 
degrade  performance. 
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9.0  PASSIVE  ODMPCHEtTr  DEFEATING  GUIDELINES 

Ihe  passive  coraporvents  of  interest  to  this  study  weiie  hybrid  d^osited  film 
resistors,  chip  resistors  (PM)  and  chip  capacitors,  both  ceramic  (CCR)  and 
tantalum  (CWR) .  Stress  derating  guidelines  were  developed  for  t’^e  chip 
resistors  <and  chip  capacitors  only  Because  no  stress-failure  irifo;  mation 
on  hybrid  daposited  film  resistors  was  identified  by  the  literature  lC;  oxh, 
si^plier  savveys,  other  stress  derating  guideline  sources  or  accunulated 
field  failure  data,  no  stress  derating  guidelines  for  h^rid  depoGited  film 
resistors  could  be  developed. 

The  strass  derating  criteria  for  the  chip  resistor  and  chip  capacitor  was 
developed  frm  a  review  of  current  stress  derating  guideline  sources,  eis 
outlined  in  section  3.0.  This  approach  was  ta!ken  after  finding  virtually 
no  information  in  the  literature  search^^^"^^^  concerning  stress-failure 
reiationshlrjs  of  these  passive  ccrponents,  and  conf  innaticn  by  suppliers 
that  these  ccsioponents  (virtually)  do  not  fail.  Ttie  stress  derating 
criteria  for  these  passive  devices  outlined  by  other  deratiiig  guideline 
souroes  is  shewn  in  table  9-1.  It  is  noted  that  none  of  the  five  guideline 
sciart:es  that  typically  .specify  throe  criticality  levels  outlined  -stress 
derating  criteria  for  chip  capacitors.  Therefore,  the  iq^dated  stress 
derating  for  chip  capacitors  is  based  ^pon  best  engineering  judgement 
biased  by  the  gxiideline  scuarces  pro/iding  only  one  criticality  level 
criteria.  The  stress  derating  criteria  for  chip  resistors  was  developed  in 
a  fashion  siroilai:  to  that  for  opto-eloctronic  devices.  Table  9-2 
sumriorizes  the  new  stress  derating  criteria  for  chip  resistors  euri  chip 
cajacitors. 
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Def*t?ng  Psramelier*  for;  (See  Key  Below) 


Table  9-2  Passive  Device 
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IfEY:  POftV  -  Percent  of  Rsted  Velue 


PASSIVE  DEVICE  APPLICAnaJ  NOTES 


Hie  follcwing  application  notes  for  passive  devices  were  developed  frcm  a 
review  of  sipplier  surveys  and  other  stress  derating  guideline.  These 
epplication  notes  may  also  be  found  in  appendix  A. 


CSxip  Besistors: 

1.  Chip  resistors  are  sensitive  to  ESD. 

2.  Hie  design  should  tolerate  a  2%  shift  in  resistance  value. 

3.  Poqper  trimming  is  required  to  prevant  latent  failtire  in  low  noise 
applicaticais. 

4.  Resistor  stacdcing  should  be  avoided. 

5.  For  prise  applications,  the  average  power  calculated  frciQ  pulse 
mat^nltude,  duration  and  r^ietiticai  frequency  is  used  to  establish  tiie 
poi<>er  derating  requireraent. 

6.  VoUsf?.  magnitude  should  be  used  to  establish  voltage  derating 

requiresTient. 

7.  Film  tenptratures  must  stay  belcw  150  degrees  Celsius. 

8.  Voltage  stress  should  stay  less  than  2  volts/;.nil, 

9.  Fewer  density  should  stay  less  than  200  w  per  square  incii. 

10  The  effective  resistance  value  will  be  reduced  when  used  at 

frequencies  over  200  MHz  because  of  shunt  capacitance  between  tlie 

resistive  elerrionts  and  the  cx)nnecting  circuits. 

Chip  Capacitor; 

1.  The  sum  of  the  peak  AC  voltage  plus  any  DC  bias  voltage  must  not 

exceed  the  maximum  derated  oiierating  voltage. 

2.  Precautions  cutlir*ed  in  MD>STD-198E  should  be  followed. 

3.  (Ceramic)  A  design  toleranoe  of  +/-  12%  should  be  eillawed. 

4.  (Tantalum)  A  design  toleiance  of  t/-  S%  should  be  edlcwsd^ 


10.0  SAW  EERATING  aJIDEUNES 


Ihe  stress  derating  criteria  for  SAW  devices  was  developed  frcm  a  review  of 
current  stress  derating  guideline  sources,  as  outlined  in  section  3.0. 
Hiis  approacii  was  taken  after  finding  virtucilly  no  information  in  the 
literature  secircii^®^  oonoeming  stress-fa  i  1  ure  relationships  of  these  SAW 
devices.  The  stress  derating  criteria  for  these  SAW  devices  outlined  by 
other  derating  guideline  sources  is  shewn  in  table  10-1.  It  is  noted  that 
the  four  of  the  five  guideline  sources  that  outline  stress  derating 
criteria  for  SAW  devices  are  split  between  two  sets  of  input  power 
derating.  Therefore,  the  i:pdated  stress  derating  for  SAW  devices  is  based 
upon  the  most  recent  i^xlate  of  these  guidelines.  Table  10-2  sunnarises  the 
new  stress  derating  criteria  for  SAW  devices. 


SAW  DEVICE  APPLICATICW  NOTES 


The  following  application  notes  for  SAW  devices  were  developed  from  a 
review  of  sippliA^r  surveys  and  otiier  stress  derating  guidelines.  These 
applicaticai  notes  may  also  be  found  in  Appendix  A. 


1.  SAW  devices  may  be  sensitive  to  ESD. 

2.  Integrity  of  tiie  hermetic  package  must  be  maintained. 

3.  The  design  should  not  subject  the  SAW  device  to  the  rated  maxinum  of 
shock.,  vibration  and  tenperature  cycl.ing. 
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Table  1 0-1  SAW  Device  Guidelines 


cFvncAurY 

LEVEL 

QUIDBJNE 

INPLTT  POWER 
(<100  MHz) 
(dBm  FMIJ 

INPLTT  POWER 
(>100  MHZ) 

(dBm  FMU 

INPUT  POVVER 
(<S00  MHz) 

(dBm  FMy 

INPUT  POWER 
(>500  Mh^ 

(dBm  FMq 

OPERATING 

TEMPERATURE 

(dagC) 

A&e 

20 

10 

NL 

NL 

c 

NL 

NL 

13 

13 

i 
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11.0  DERATIW3  VERIFICATiaJ 

To  determijie  the  validity  of  the  stress  derating  criteria,  field  failrrce 
data  vras  gathered  on  the  cx^ponent  types  of  interest  to  this  sti^. 
Because  of  the  difficulty  in  veriiying  space  system  failures,  and  the 
unavailability  of  consistent  ground  based  system  failure  data,  caiLy 
avionics  s'^stem  failure  data  vras  collected  and  reduced  to  observed  failure 
rat^.  Therefore,  the  verification  of  the  effectiveness  of  the  stress 
derating  criteria  was  limited  to  criticality  level  II  criteria. 

The  avionics  systems  in  question  included  the  AN/APG-66  and  AN/APG-68 
radars  and  the  AIi;5”131  radar  jammer.  The  field  failure  data  was  retrieved 
for  the  years  of  1988  and  1989,  in  vdiich  over  1500  sorties  were  flown  for 
each,  system.  In  reducing  the  data  it  was  understood  that,  althou^  the 
retest  OK  (RTOIC)  failures  were  not  included  in  this  failure  sumnary,  not 
all  the  tewiaining  failures  were  verified.  This  lacOc  of  verification  may 
result  in  observed  failure  rates  that  are  much  hit^:ier  than  actual  failure 
rates.  This  scenario  is  typically  true  for  the  resistors  and  capacitors 
vh-ich  tend  to  be  retroved  alcaig  with  associated  suspect,  failed  cxnpDnents  as 
a  lower  risk  option  to  leaving  them  in  place  and  risk  another  rework  cycle. 

Table  ll-l  outlines  the  coitponent  types  and  the  observed  fedlure  rates 
based  ipcvi  the  number  of  failures  observed  and  the  total  number  of  device 
hours  of  operaticai  each  oerponent  type  had  es^erienced.  It  is  noted  that 
this  ebserved  failure  rate  is  based  iqxsn  part  renewals  and  not  neuessarily 
verified  failures.  Also  included  in  table  ll-l  is  the  predicted  failure 
rate  for  criticality  level  II  oonponents.  These  predicted  failure  rates 
were  generated  in  the  same  fashion  as  the  failure  rates  outlined  in  table 
3-3.  Table  11-2  includes  tiie  factor  values  and  rationale  used  to  ger<erate 
the  failure  rates,  based  on  MIIr-HDBK-217D  Notice  1  and  utilizing  the  stress 
derating  criteria  of  the  exterent  version  of  the  Guicielines.  It  is  ebserved 
that,  for  the  most  part,  the  ebserved  failure  rate  was  carparable  to  or 
less  than  the  predicted  failure  rate  of  tlie  ooitponent.  The  exo^Jtions 
included  thick  film  chip  resistors  and  ceramic  chip  cajxicitors. 
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factors 

- - - j- _ _ _ _ I _ _ _ _  failure 

ease  fR  dual.  Ccm.  Temp.  fnv.  .  Appl.  P/R  j  volt.  H  Net  F&POP  Cap.  (La^a) 
Device  Type  (LambdaB)  (IPiO)  (CA)  (PIT)  (PiEA  (PIA)  (PiR)  j  (Pis)  (PiM)  (Pif)  (pfCV)  /10'6^Hrs 


Capacitor,  Ceramic  P  N/A  N/A  ARW  N/f  M/A  M/A  N/A  1  M/A  I.Auf 


EVen  if  the  unverified  failure  rates  of  the  ccsrponents  are  greater  than 
their  actual  failure  rates,  then  it  would  be  reasonable  to  assume  the 
system  design  engineer  has  been  fairly  successful  utilizing  the  stress 
derating  criteria,  Kcwever,  with  perhaps  the  exc^jticvi  of  the  RF 
transistors  ^lidi  have  a  twa  order  of  magnitude  difference  between  observed 
and  expected  failure  rates,  lesign  engineer  may  not  be  guard  banding 
the  design  more  than  that  requ  by  the  derating  guiaelines.  Therefore, 
either  the  stress  derating  guidelines  must  err  cai  the  oonservati^'e  side  or 
the  system  design  engineer  mast  be  more  kncwledgeable  of  which  stresses  are 
the  most  critical.  Iri  the  devvJLopment  of  the  v^xiated  stress  derating 
criteria,  increased  flexibility  was  provided  in  the  stress  derating 
criteria  such  that  the  system  design  engineer  may  be  more  sensitive  to  the 
way  stresses  affect  the  reliability  of  his  design. 

Based  on  the  data  of  table  11-1,  it  is  difficult  to  conclude  that  the 
stress  derating  criteria  had  ocnpletely  fulfilled  its  intent  in  kei^ing  the 
ocnponent  failure  rate  below  a  specific  level  for  the  given  mission 
criticality.  However,  it  is  encouraging  that,  with  the  lack  of 
verification  of  the  assumptions  cxjncerning  the  failures,  the  observed 
failure  rates  are  close  to  the  expected  failure  rate  tcirget. 


It  is  noted  here  that  not  all  the  device  types  listed  in  tdble  1-1  are 
included  in  table  11-1.  Ihe  failure  rate  analysis  could  not  be  performed 


sene  parts  (MIMICs)  were  not  used  in  these  systems.  Second,  the  database 
structure  for  part  traceabiliti^  d^ends  on  Westincfricuse  internal  part 
numbers  that  must  be  examined  to  determine  oerponent  type  (i.e.,  ASIC, 


PRCM,  chip  capt’.citor,  etc. ) .  To  perform  this  task  as  stated  would  be 


costly  and  out  of  scope  for  this  contract,  'Iherefore,  an  ciltemate 


approach  was  used  to  ccjllect  the  failure  data. 


This  approach  first  identified  as  many  internal  part  numbers  for  each 
component  type  as  possible.  Then,  tliese  part  numbers  we’^  oortpeired  to  the 
as-designed  parts  list  for  each  system.  If  a  match  existed,  tlie  failure 


databcise  was  searched  to  identify  the  number  of  failures  and  the  total 
c^ierate  tiiise  of  the  cosctponent.  Unfortunately,  if  the  initial  list  of 
cQnponant  internal  part  numbers  was  not  cxjtplete,  it  is  possible  that, 
althcx>^  the  carponent  type  was  used  in  the  system,  it  would  appeair  as 
thouc^  that  coiponent  type  was  not  used. 
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12.0  AliTEK^ATE  APERQAOi 


It  is  V(ell  uniierstood  that  to  determuiie  the  influence  of  each  canponent 
failure  on  tl'ie  criticality  of  a  mission  would  require  a  (xnplete  fail\ire 
modes  and  effect.'-  analysis  (Ft-IEA) .  It  is  also  wfii.l  understood  that, 
di^jendiny  ipcn  architscture  of  a  system,  it  is  possible  to  have  the 

sane  style  of  oorpnnent  in  twa  circuits  of  different  cruticality.  In  one 
circuit,  failure  of  the  oonponent  may  result  in  total  mission  failure.  In 
the  otiier  circuit,  failure  of  the  cxxtponent  may  result  in  only  degraded 
performance.  However,  because  the  system  mission  is  of  level  II 

criticaliti',  for  example,  tiie  application  stresses  applied  to  Loth 
oorponents  are  derated  aoocrding  to  the  level  II  deratijig  criteria. 
Actually,  the  mission-caritical  oorponent  m^t  have  been  better'  derated 
according  -to  ]  e\Je;L  I  criteri.a  and  the  other  ccwptxient  mi^t  have  iDeer^ 
better  deta^’.:ed.  according  "to  level  III  criteria.  By  ciioosii'ig  only  level  II 
cri'beria  for  both  cciiponencs,  •the  mission  .'is  potentially  in  mora  j^apeirdy 
due  to  ocnponent  1  and  th»2  circuit  design  is  cr/erly  constrained  due  to 
ocnponent  2.  Unfortunatjely,  this  scenario  is  valid  for  most  systero 
designs,  and  deciding  which  criticality  level  should  be  used  tor  which 

oonpraoent  in  a  given  applicjation  is  futile.  Ai")  alternate  approach  'to 

stress  derating  of  ocnponents  that  can  address  this  dilemma  ii>  proposed. 

It  is  typiccLl.,  early  in  'the  design  phast^,  to  perform  a  reliability 

prediction  on  ■the  system  atd  allocate  ■the  reliabii.i'ty^  requir'emsiit.  to  i'ts 
subsystems.  In  many  cases,  -tiiesQ  allocations  sate  flowed  down  to  the  lowest 
subsystem  lev^el,  -the  canpcnent  level.  At  -that  time,  trade-offs  in  system 
architecture  are  made  such  that  ■tije  .system  reliabili'ty  goal  may  be 

achieved.  Stress  deratirg  guidelines;  are  utilized  duriig  this  design  phase 
■bo  cissure  mission  safety  aiid  success.  Siixx*  tlie  criticality  of  each 

ocsrpcTKint  on  the  desired  systera  mission  i.s  dependent  'dpon  i'ts  role  in 
ptirforming  the  desired  function,  it  is  reasonable  ‘to  derate  'the  stress  on 
that  cfxponent  accordirg  •to  the  '’mission"  of  the  cxarponerit.  The.  level,  of 
stress  derating  sliould  tl'ierefore  Le  dependent  upon  'thfi  accej;tabie  failure 
j.ate  of  tlie  canponent  ir<  its  application. 
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In  order  to  derive  stress  derating  cariteria  that  is  flexible  encw^  to  be 
utilized  in  a  doi:iain  of  continuous  failure  rates  requires  the  stress 
deratii>g  criteria  be  based  on  accurate  reliability  models.  It  is  noted 
that  the  i^dated  stress  derating  criteria  for  mcrocircuits  and  MIMI,Cs 
developed  as  part  of  this  study  was  based  cn  the  updated  reliability  models 
of  MIIHlEfflK-217F  (to  be  published) .  The  only  difference  between  the 
^proacii  talcen  to  vpdate  the  current  version  of  the  Guidelines  and  this 
prrposad  approach  is  the  replaoement  of  the  three  levels  of  criticali.ty 
based  on  system  missicai  type  with  a  contiiuiais  criticality  scale  based  csi 
carrponent  '*missicxi". 

Ihs  prxDJ  lea  with  expanding  the  scope  of  criticality  levels  is  identifying 
and  providing  accurate  values  for  eill  the  variables  associated  with 
conpenent  failure.  This  problem  is  certainly  apfparent  in  the  exanple  of 
mi-crocircuits.  However,  approximations,  sixii  as  those  used  to  develop  the 
criteria  in  this  study,  may  be  made  that  simplify  an-i  conservativel.y  bound 
the  derating  criteria  until  moi.'e  accurate  information  is  available. 

As  describtjQ  eariiex*  in  this  report,  the  variables  of  the  reliability  model 
can  be  s^)arat3d  into  tliree  categories,  criticality-specific, 
device-specific  airi  stress-specific.  The  criticiility-specific  ppirameters 
included  the  PiE  and  PiQ  factors.  These  factors  will  lypically  depend  ipon 
the  system  mission  and  cannot  be  varied  to  ianprove  the  safety  and  success 
of  the  ccsrpCH>ent  missicn.  The  remaining  factors  iirvolving  both 
detvioe-^aecific  and  stress-^jecific  parameters  can  be  vailed  to  inprove  the 
•safety  and  success  of  the  ccitponent  missicain 

A  problesn  with  evolving  oorponent  reliability  models  is  the  need  to 
incorporate  tiii»e  dependent  failure  mechanisms  into  these  models.  Since  the 
resulting  failure  rate  is  no  longer  constant  with  time,  a  failure  rate  does 
not  adequately  describe  the  nunber  of  failures  that  miglit  be  e^i^DGcbed,  that 
is,  the  mean  time  between  failures  is  no  loi'ger  constant.  Therefore,  it 
nay  be  more  reaisonable  to  describe  the  cerponent  reliability  in  tenos  of  a 
probability  of  success  after  a  giveri  nurtocr  of  operating  hours. 
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Given  both  cariticcility  level  definition  and  time  dependent  failure  rate 
problems,  it  is  still  poss.ible  to  define  the  appropriate  stresjs  derating 
criteria  for  a  ocmtponent  mission.  However,  the  format  in  v^ch  the  stress 
derating  criteria  is  to  be  presented  may  beccroe  tedious  when  presented  in 
table  format.  Figures  12-1,  12-2  and  12-3  show  graphically  the  stress 
derating  criteria  SOr£i  for  oonponent  xoissions  with  probabilities  of  success 
of  0.9990,  0.9900  and  0.9000,  r^pectively,  for  ASIC/VHSIC  MDS  digital 
microcircuits.  It  is  noted  that  because  a  probability  of  success  is  used 
to  generate  the  SQAs  the  rexinum  junction  temperatures  is  no  longer  purely 
a  function  of  gate  count,  vhen  oatpared  to  figures  4-14  through  4-16  in 
vhich  a  constant  failure  rate  was  used  to  generate  the  SQAs, 
ISifortunately,  to  obtain  insist  into  the  SQAs  for  component  reliability 
other  than  that  for  vtiich  these  graphs  were  generated  requires 
interpolation  between  the  graprs.  Althou^  no  suggestions  are  made  at  this 
time  concerning  an  aoo^jtable  table  format  for  this  data,  it  may  be 
ckdvantageous  for  the  design/reliability  engineer  to  work  from  stress 
derating  graphs,  such  as  tive  one  presented  in  figures  12-1  throuc^  12-3,  or 
better  yet,  the  actual  derating  algorithms,  in  order  to  maintain  an 
understanding  of  the  trade-offs  between  component  ocmplcxity,  applied 
stress  and  component  reliability. 

The  inportanoe  in  making  the.  stress  derating  criteria  "usable”  should  not 
overwhelm  the  advantages  in  making  the  stress  derating  criteria  cxmponent 
oi  board  "missica'i"  critical  rather  than  system  mission  criticcil.  The 
method  by  which  system  design  engineei-s  currently  employ  stress  derating 
guidelines  may  fiavc:  to  ciiange  frcmi  time  consuming  look-tps  in  the  tables  of 
stress  derating  guidelire  books  to  efficient  calculations  performed 
concurrently  on  the  workstation  used  for  producing  the  system  design. 


ASIC/VHSIC  MOS  Dfgital  Devices 

Criticality  Level  I:  Ps  ■  0.9990 


Figure  12-1  Pg  =  0.9990  SOAs  for  MOS  Digital  ASIC/VHSIC 
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A3IC/VHSIC  MOS  Digital  Devices 

Criticality  Level  II:  Ps  ■  0.9900 


13.0  SUMMARY 


Ihere  are  inultiple  methods  by  which  stress  derating  criteria  can  be 
developed.  The  criteria  developed  during  this  .stucty  utilized  three 
methods,  the  use  of  existing  reliability  models,  the.  generation  of 
stress-failure  relationships  based  upon  aocinnmated  failure  data  and 
consensus  of  stress  derating  guidelines  originating  tram  other  military  and 
industried  facilities.  Althou^  this  latter  method  utilizes  the  profound 
knowledge  of  others,  there  may  be  no  accounting  for  how  these  criteria  were 
developed,  and  therefore  no  insight  into  how  to  modify  the  criteria  for 
changing  ccraponent  technologies  and  ccnplexities.  Even  thou^  specific 
stress-failure  relationships  may  be  developed  frcan  acxajnulated  failure 
data,  it  is  not  edways  reasonable  to  base  the  develojiiient  of  the  stress 
derating  criteria  cn  these  relationships  since  the  ccnpeting  effects  of  the 
individual  stresses  jnay  not  being  taken  into  af^count.  Ihe  best  method  (of 


the  three  methods  used) ,  tfierefore,  is  the  one  in  vhich  current  reliability 

ciJLts  u£30u  CO  uxiicuiu  SXIxc;:3£>'~j.axXujL«:s 

'Ibis  method  not  only  allows  the  insigit  into  the  parameters  that  may  be 
affected  by  changing  ocwponent  technolog.les  and  complexities,  but  also 
ccinbines  the  copnpeting  effects  of  multiple  stresses. 


Unfortunately,  current;  reliability  models  were  not  availabJ.e  for  all  the 
component  types  described  in  table  1-1,  and  therefore  the  other  two  methods 
of  generating  stress  derating  criteria  were  used.  It  is  noted,  however, 
that  much  effort  was  ejgended  in  eval»jating  and  attempting  to  update  the 
reliability  models  of  the  discrete  and  passive  caiponents.  Ihe  literature 
searches  Initially  identified  over  600  articles  of  vrtdch  approximately  240 
articles  were  germane  to  tliis  study.  Of  tliose  240  articles,  160  articles 
were  made  available  and  reviewed.  Forty-eight  cenponent  suppliers  of  the 
seventy-two  suppliers  contacted  also  provided  stress-failure  data. 
Unfortunately  most  of  the  data  aocuonulated  frcni  tlaese  souro^  could  not  be 
used  to  generate  stress  derating  criteria  because  key  elements  of  the 
stress-failure  rel.atiorstiips  were  missing.  For  example,  .^ome  aource.-s  did 
not  provide  the  time  to  Failure,  while  otlier  sources  leit  out  .stre.s.s  data. 
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and  still  others  neglected  to  provide  a  reference  point  along  with  the  tem¬ 
perature  activation  energy  which  is  needed  to  describe  the  failure  distribut¬ 
ion  . 

Ihe  level  of  stress  derating  should  be  based  the  expected  failtire  rate 
provided  by  the  reliability  model.  However,  not  all  the  factors  that  may 
require  derating  are  currently  identified  in  the  reliability  model.  These 
factors  may  include  output  current  or  propagation  delay  times.  If  dianges 
in  these  factors  result  in  changes  in  the  observed  reliability  of  the 
cxitpcanent,  then  these  factors  edso  belong  in  the  reliability  model.  An 
evaluation  of  v^iether  the  stress  derating  parameters  identified  during  this 
ipdate  of  the  Guidelines  should  be  included  in  the  appropriate  reliability 
irryiel  is  reccranended.  In  addition,  it  is  reociiinended  that  an  alternative 
approach  to  stress  derating,  as  described  in  section  12.0,  be  evaluated  to 
determine  the  advantages  and  disadvarrbages  in  making  the  stress  derating 
criteria  ccwponent  or  board,  **mission''  critical  rather  than  system  mission 
critical. 
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FRDGRAM.  DERASICl.FJR 


HJRPOSE: 

Oarpute  derating  caj2rves  for  ASIC  -  MDS  Digital  and  Linear 
devices  given  a  ocxistant  probability  of  success  or  a 
ocsTstant  failure  rate  (with  time) .  Revision  1 


IMPLIcrr  REAL*8(A-H,0-Z),  INTEXSERM  (I-N) 

CHARACrER*80  HEADER 
DliHENSICN  VnAEA(7,177)  ,NEXT(7) 

Open  Input  <uTd  Output  Data  Files 

OPEN  (5,FII£='INRrr.DftT',STA3US-'OLD^) 

OPEN  (6,FIIf>='TEMP.DftT',STAIUS--=^NEW') 

OPEN  (10,FII£>='  %STAaUS-'NEW") 

TDt®  constants 

DO  =■-  8.4D0 
SO  =  0.4D0 
AD  =  1.7816D5 
TO  -  22. DO 
Ea  =  0.3D0 
EO  =  2.222D0 
BE^TV  =  4.5D0 

Irput  Required  Data 

REAL'  (5,^,1110^500) 

OCWn'NLTE 

READ  (5,2000,END=500)  lTyPE,DUI^Z,A,PiQ,PiL,PiE,MINID,MAXLG, 

*  MINIH,NAXm,MINIP,MAXrp,TNCrP 

J-TUCTE  (*,2000)  ITZPE,KJMMY,A,PiQ,PiL,PiE,MrbnJO,MAXID,raNIli, 

*  MAxm,MiNrp,MA>OT,;D^crF 

Begin  Number  of  Gates  Increment  locp 

DO  400  K  =  0,6 

Initialize  Data  Array 

DO  20  I  =  1,7 

DO  10  J  =  1,177 

VI)ATA(1,J)  =  O.UO 
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10  ocmrooE 

NEXTd)  =  0 
20  CXKTINUl- 

c 

GATES  =  10.DO+*(DBLE(K)/2.DO)  *  1000. DO 
C 

C  Calculate  #  of  Transistors  and  #  of  Pins 
C 

TR  =  GATES  *  4. DO 
PINS  =  11.07D0  *  GATES  **  0.34200 
C 

C  Calculate  TOX,  A£^  Anaa  Acoe]  eration.  Cl  and  C2 
C 

TOX  =  4.93D0  /  TR  **  0.286D(.^ 

AS  =  1349. DO  ^  TR  **  O.509D0 
CALL  AA(AO,AS,0O,AOCAA) 

C 

Cl  =  O.OIDO  +  0.000427D0  *  GATES**0 . 588IX) 

C2  =  2.8D-4  *  PINS**1.08D0 
C 

C  Begin  Tit>e  Increment  loop 

C 

DO  200  J  =  MAXm,MAXm 
STTME  ==  DBIEd) 

TIME  =  10.D0**J 
IF  (ITYPE)  30,30,40 
30  OONITNUE 

Psmax  =  DUMMY 

Elmax  =  -1,D6  *  DLDG  (Psmax)  /  TIME 
GOrO  50 

40  a^riTNUE 

Elmax  =  DUMMY 

Psmax  =  DEXP(-l.D-6  *  iimax  *  TIME) 

50  OCWTINUE 

C 

C  Calcailate  Max  Temp  Frau  lambda  217F  For  Number  of  Gates  and  Pins 
C  After  Checking  For  Out  Of  Range  Condition 

C 

ARG  =  ElmaV  (PiQ*PiL)  -  C2  *  PiE 

IF  (AI«.I£.0.D0)  GOrO  150 

TEMP  =  l.D0/298.00-DIOG(10.D0*AI«l/Cl)/A 

TEMP  =  l.DO  /  TEMP  -  273. DO 

MAXIMP  =  DrNT(nMINl(DBI£(MAXTP)  ,TEMP) ) 

C 

c  Output  Status 

c 

WRITE  (*,*)  'TEMP  ==  ',TEMP, '  Eljnax  -  Elmax 

WRnE  (6,*)  '1^?  =  ',TEMl\'  riOjtax  =  ',Elmax 

C 

C  Bogin  Tet(petat\,u?e  Increment  Uyjp 

C 
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NEXT(J+1)  =  0 

DO  100  I  =  MAXTMP,MA)CIMP,INCrP 
■ro  =  DaLE(I) 

CALL  AT(TO,TS,Ea,ACCAT) 

C 

C  Calculate  Failure  Rate  for  New  Tenperature  Using  MIL-HDBK-217F 
C 

PiT  =  0 .  lD0*nEXP (-A*  ( 1 .  DO/  (TS+273 .  DO)  -1 .  DO/298 .  DO) ) 

EL  =  PiQ  *  PiL  *  (Cl  *  PiT  +  C2  *  Pi£) 

IF  (EL.GE.EDnax)  GOTO  100 
Psac  =  DEXP(-l.D-6  *  EL  *  TIME) 

Fee  =  l.DO  -  (Parax  /  Psac) 

CALL  ZVAL(Fcc,Z) 

U  =  STIME  -  SO  *  Z 

AOCAEiE  =  (10oD0**(U0  -  U/AOCAA) )  /  AOCAT 
ES  =  DIOG(AOCAEF)  /  EETA  +  DO 
V  =  ES  *  TOX  *  10. DO 
IF  (V.GT. 18. DO)  V  =  18. DO 
NEXT(J+1)  =  NEXT(J+1)  +  1 
\TATA(J+1,NEXT(J+1))  =V 
VnATA(l,NEXr(J+l) )  =•-  TS 


100 

CXXTTINUE 

MAXI  =  MAX  (NEXT  (J) ,  NEXT  (J+1)) 

GOTO  200 

150 

UwWriNjjh; 

WRITE  (*,*) 

^ARGUMENT  OUT  OF  RANGE' 

WRITE  (10,*) 

'ARGUMENT  OUT  OF  RANGE' 

200 

c 

CONTINUE 

c 

c 

CXcbxit  Data 

PPJTE  (*,*)  I7JMMY,A,PiQ,PiL,PiE 
WRITE  vlO/*)  DUMMY,A,PiQ,PiL,PiE 
DO  300  I=1,MAXI+1 

WRITE  (10,1000)  VimA(i,I),(V£f07^(J+l,I),J=MAXIlI,MAXLH) 
300  CCS'?riNQE 

400  OONIINUE 
GCTO  5 
500  STOP 

C 

C  F'ermat  Statements 

C 

1000  FORMAT  (IX,7F10.2) 

2000  FORMAT  (I2,G9.4,4G8.2,7I5) 

END 
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SUEKDOTINE  AA(AD,AS,TJO,ACX:) 


C 

0******************************** *************** ************ ************ 

c 

C  SUBROUTINE  AA 

C 

C  HJRPOSE: 

C 

C  Calculate  the  acceleraticxi  factor  due  to  dielectric  area 

C  relative  to  a  referer>ce  area. 

C 

C  USAGE: 

C 

C  CAIX.  AA  (AO,AS,UO,ACX:) 

C 

C  DESCRIPna^  OF  PARAMETERS: 

C 

C  AD  •“  referefice  area  (square  microns) 

C  AS  -  operating  area  (square  microns) 

C  OO  -  log  of  median  tiiae  of  reference  distributicai  (hours) 

C  ACC  -  acceleration  factor 

C 

C  SUBROUTINES  AND  FUNCTION  SUBPROGRAMS  R!3QUIRED: 

C 

C  T'JKL  -  calculates  number  of  sigmas  fraia  the  mean 

C 

0*********************************************************************** 

c 

iimj.cn;  reai.,*8  (a-h^o-z)  ,  d«'ex3er*4  (i-n) 

F  -■=  AD  /  (AO  +  AS) 

CALL  ZVAL(F,Z) 

ACC  =  i.rxi  +  (Z  /  UO) 

RETURN 

END 


SUBROUI’ill^E  AT('K),TS,Ea,AOC) 

C 

C*********************************************************************** 

c 

C  SUBRXrriNE  AT 
c 

C  HJRPOSE: 

C 

C  Calculate  the  aooeleration  factor  due  to  tenperature  stress 

C  relative  to  a  iTeferenoe  teirperature 

C 

C  USAGE: 

C 

C  CALL  AT  (TO,TL,Ea,ACr:) 

C 

c  raisciirprxc*^  of  parameters: 

c 

C  ’iO  “  reference  tettperature 

C  TS  -  cpeiating  tenperature 

C  Ea  -  activaticn  energy  (eV/deg  K) 

C  ACC  -  acceleration  factor 

C 

C  SUBROOTINES  Al'ID  FUNdTO^  SUBK03?AMS  REQUIREl^: 

C 

C 

c 

c*  ************************************************** ********************* 

C 

IMPLICIT  REAL*8  (A-K,0-Z)  ,  11111X2^*4  (1-N) 

B  -  8.617D--5 

ACC  =  DEXP((Ea/b)*(l.D0/('K>f273.D0)  -  l.D0/(TS+273.D0) ) ) 

RETURN 

END 


SUBROUriNE  ZVAL(F,Z) 


C 

c*********************************************************************** 

c 

C  SUBBDtTITNE  ZVAL 

C 

C  PURPOSE: 

C 

C  Calculates  the  number  of  sigmas  away  from  the  mean  of  a 

C  normal  distributicx'.  for  a  given  probability  of  failure 

C  (cumulative  percent  failure  in  decimal) .  This  si±irautine 

C  uses  the  Newton-Raphson  method  of  finding  roots. 

C 

C  USAGE: 

C 

C  CALL  ZVAI.(F,Z) 

C 

C  ia25CRIPna^  of  parameters: 

C 

C  F  -  probability  of  failure  (cumulative  percent  failure  in 

C  decimal) 

C  Z  -  number  of  sigmas  from  the  mean  of  the  rntmal  distribution 

C 

C  SUBROUTINES  AND  FUNCTIC^J  SUBPROGRA^E  REQUIRED: 

C 

C  CNDA  -  cumulative  normal  distribution  approximation 

C 

Q********************* ******************** ****************************** 

c 

IMPLICIT  REAL*8  (A-H,OZ)  ,  INTDSERM  (I-N) 

C 

IF  (F.IE.O.SDO)  ZNEW  =  -0.5D0 

IF  (F.GT.0.5D0)  ZNEW  =  0,5D0 

Z  =  ZNEW 
C 

DO  5  K=l,100 

CALL  CNDA(Z,FNEW,IFIAG) 

IF  (IFLAG.BQ.-l)  lUEW  ~  Q.DO 
H''  (IFlAG.BQ.l)  FNEW  =  l.DO 
H-Er  =  FNEW  -  F 

HUPRI  =  l.D0/(DSQRT(2.D0*3.141592653589793)*DEXP(.6D0*Z**2)) 
ZNEW  =  Z 

Z  =  Z  -  PHI  /  PHIIRI 

IF  (LABS  (Z-ZNEW) /DABS (Z) -IT. O.COOOOOIDO)  REIUHN 
5  OONITNUE 
REHTRN 
END 


SUBRCOTINE  amA(Z,F,IFLAG) 


Q*-k-k-k-kicic-k-k-k1(1fi:-k'icf!it*-kif)cfc-k-k1i-ic-k1ric'k‘ie**1fk'k-ifk-k-k'k-ii'k-k-k-k-fcic-k-k'k-k-k-kit  k-k-k-kit-kiiifk-k-kifkitifk 
C 

C  SUBROUTINE  CNDA 

C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

C****************************************************v.****************** 

c 

IMPLICIT  REAL*8  (A-H,0-Z)  ,  INrE)GER.*4  (I-N) 

N  =  0 

F  =  O.DO 


FURPOSE; 

Calculates  the  vcilue  of  the  cumulative  normal  distribution  at 
a  given  number  of  sigmas  away  frcsn  the  mean.  This  subroutine 
uses  a  series  ei^nsion  of  the  normal  distribution  to  perform 
the  integration. 

USAGE: 


CALL  CNDA  (Z,F,IFIAG) 

DESCREPnCW  OF  PARAMETERS; 

Z  -  number  of  sigmas  frtsn  the  mean  =  (x  -  u) 

F  -  area  under  the  normal  distribution  at  Z 

IFIAG  -  error  flag  =  0  OK 

=  -1 
=  1 


/  s 


Z  is  less  t>'.ar.  -5.5 
Z  is  greater  than  5.5 


SUBROUmreS  AND  SUBPROGRAMS  REQUIRED; 


NONE 


C 

1 


IFIAG  =  0 
IF  (Z,Gr.5.5D0) 


IFXAG  =  1 


IF  (Z,Lr.-5.5D0)  IFLAG 
IF  (IPTAG.NE.O)  RETIURN 


=  -1 


FACT  =  l.DO 
DO  3  N=0,135 
RN  =  N 

IF  (N.EQ.O)  GO  TO  2 
FACT  =  FACT  *  RN 
SUMN  =  (-l.DO)**N 
SUI^ID  =  (2.D0*Krffl. 

SUM  =  sum  /  SUMD 
F  =  F  +  SUM 

oowrmJE 

F  =  F  /  DGQia’(2.IX)  *  3.141592653589793)  +  0.5D0 

REIUilN 

END 


*  Z**(2*N91) 

.DO)  *  2.D0**N  *  FACT 


MiSSTON 

OF 

ROME  LABORATORY 

Rome  Laboratory  plans  and  executes  an  interdisciplinary  program  in  re¬ 
search,  development,  test,  and  technology  transition  in  support  of  Air 
Force  Command,  Control,  Communications  and  Intelligence  (C  1)  activities 
for  all  Air  Force  platforms.  It  also  executes  selected  acquisition  programs 
in  several  ureaa  of  expertise.  Tec'nnicai  and  engineering  support  within 
areas  of  competence  is  provided  to  ESD  Program  Offices  (POs)  and  other 

3 

ESD  elements  to  perform  effective  acquisition  of  C"  I  systems.  In  addition, 
Rome  Laboratory's  technology  supports  other  AFSC  Product  Divisions,  the 
Air  Force  user  commiuxity,  and  other  DOD  and  non~DOD  agencies,  Rome 
Laboratory  maintains  technical  competence  and  research  programs  in  areas 
including,  but  not  limited  to,  communications,  command  and  control,  battle 
management,  intelligence  information  processing,  computational  sciences 
and  software  producibility,  wide  area  surveillance/sensors,  signal  proces¬ 
sing,  solid  state  sciences,  photonics,  eleciromagneiic  technology,  siiper- 
conductivity,  and  el  Aronic  reliability/maintainability  and  testability. 


